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Chapter 1
Introduction

Section 1-1 Atomic Structure
1. An atom with an atomic number of 6 has 6 electrons and 6 protons

2. The third shell of an atom can have 2n° = 2(3) * = 18 electrons

Section 1-2 Semiconductors, Conductors, and Insulators

3. The materials represented in Figure 1-40 in the textbook are
(a) insulator (b) semiconductor (c) conductor
4. An atom with four valence electrons is a semiconductor.

Section 1-3 Covalent Bonds

5. In a silicon crystal, each atom forms four covalent bonds.

Section 1-4 Conduction in Semiconductors
6. When heat is added to silicon, more free electrons and holes are produced.

7. Current is produced in silicon at the conduction band and the valence band.

Section 1-5 N-Type and P-Type Semiconductors

8. Doping is the carefully controlled addition of trivalent or pentavalent atoms to pure (intrinsic)
semiconductor material for the purpose of increasing the number of majority carriers (free
electrons or holes).

9. Antimony is a pentavalent (donor) material used for doping to increase free electrons. Boron
is a trivalent (acceptor) material used for doping to increase the holes.

Section 1-6 The Diode

10. The electric field across the pn junction of a diode is created by donor atoms in the n region
losing free electrons to acceptor atoms in the p region. This creates positive ions in the n-
region near the junction and negative ions in the p region near the junction. A field is then
established between the ions.

11. The barrier potential of a diode represents an energy gradient that must be overcome by
conduction electrons and produces a voltage drop, not a source of energy.
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Section 1-7 Biasing the Diode

12.

13.

To forward-bias a diode, the positive terminal of a voltage source must be connected to the
D region.

A series resistor is needed to limit the current through a forward-biased diode to a value
which will not damage the diode because the diode itself has very little resistance.

Section 1-8 Voltage-Current Characteristic of a Diode

14.

15.

To generate the forward bias portion of the characteristic curve, connect a voltage source
across the diode for forward bias , and place an ammeter in series with the diode and a
voltmeter across the diode. Slowly increase the voltage from zero and plot the forward
voltage versus the current.

A temperature increase would cause the barrier potential to decrease from 0.7 V t0 0.6 V.

Section 1-9 Diode Models

16.

(a) The diode is reverse-biased. (b) The diode is forward-biased.
(c) The diode is forward-biased. (d) The diode is forward-biased.

@ VR=( 50 MQ
50MQ +10 Q

) Vr=0.7V

(© Ve =07V

@ Vr=07V

J(SV—SV)E—3V

Section 1-10 Testing a Diode

18.

(a) Since Vp =25V =0.5V5, the diode is open.

(b) The diode is forward-biased but since Vp =15 V = Vg, the diode is open.

(c) The diode is reverse-biased but since Vg = 2.5 V = 0.5V, the diode is shorted.
(d) The diode is reverse-biased and Vg =0 V. The diode is operating properly.

VA=VSI=+25V

V=V —0.7V=25V-07V=+243V
Ve=Ve+0.7V=8V+07V=+8T7V
VD= V52=+8.0V
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EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for problems 20 through 28 are available in the
Solutions folder for Chapter 1 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

20. Diode shorted

21. Diode open

22. Diode open

23. Diode shorted

24, No fault

25. Diode shorted

26. Diode leaky

27. Diode open

28. Diode shorted
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Diode Applications

Section 2-1 Half-Wave Rectifiers

1. See Figure 2-1. 0

—493V-——

@)

®
Figure 2-1
-0.7V
2 (a) = (p)m 5V 07V 43V —91.5]]]A
R 470 470
Vipiw—0.7V
®) 1= Vow _S0V-07V _493V _ g
R 33kQ  3.3kQ
3. Viee =1V, =(0.2)115V =23V rms
4. Viee =1V,; = (0.5)115V =57.5 V rms
Viyseo = 1.414(57.5 V) =813V
Vv
Vavg(sec) e SOV =259V
v T
14 -0.7V
P, = Vo f _BO6V)' _posw
R, 220 Q
vV 2
PL(avg) = ( avg(SEC))z = (255 V) =3.05W
R, 220 Q
Section 2-2 Full-Wave Rectifiers
V
5. (@) V=L = SV 159V
r oz
2V
(b) Vavg = £ = 2(100V) =63.7V
V4 z
2V
(C) Vavg = _p+10V 2(10V) + 10V 164V
V4 r
2y,
(d Vg = —2-15V = 2(4OV) -15V=105V
T w
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6. (a) Center-tapped full-wave rectifier

(1) Vpsen= (0.25)(1.414)110 V =38.9 V
4
© 22 =389V _q94y
2 2

(d) See Figure 2-2. Vg, =194V -07V=187V

187 V== == = = S~ = == ~C ~ — —

VaL

Figure 2-2

v
p(sec)
=, 707V g7y

R, T 1.0kQ
(f) PIV=194V+187V=38.1V

() Ir=

=18.7 mA

110V

7 Vave = > =55V for each half
V
Vavg = _P
Vs
Vy=nVae=m55V)=173 V

8. See Figure 2-3.

Figure 2-3

v,
9. PIV =y, = oo _ 7 BCOV) _7g5v

2 2

10. PIV = Vpoup = 1.414(20 V) =283 V

11. See Figure 2-4.

Figure 2-4
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Section 2-3 Power Supply Filters and Regulators

12.

13.

14.

15.

16.

17.

Vi = (1.414)(0.5 V) = 707 mV pp
p= Vr(pp) _ 707 mV
Voe 15V

=0.00943

Vp(in) 30V
Vo = = =8.
SR, C (120 Hz)(600 Q)(50 1F)

33V pp

Voe= | 1-—— Vo =|1- ! 30V =258V
2/R,C (240 Hz)(600 Q)(50 4F)

%
%or = (—"ﬂ@-}oo - (?ﬂ]wo =32.3%
» 258V

Viom = (0.01)(18 V) = 108 mV
1
Viow = [FLCJVP(M)

c=|—_ Vi = ! 18V =556 uF
1RV, (120 Hz)(1.5kQ)(180 mV)

v
Voo = o = 0V =6.67V
/R,C (120 Hz)(10kQ)(10 4F)

Voc=[1-—— . =[1- : 80V =467V

2/R,C (240 Hz)(10kQ)(10 /4F)
Vw667V
Voo 467V

=0.143

Ve = (1.414)(36 V) =50.9 V
Vireey = Voseey — 1.4V =509V - 1.4V =495V

1 1
Neglecting Rouges Viop = | —— [V,croun = 495V =125V
BICCHNE Nawrger Vriom) ( fRLC] plrect) {(120 Hz)(3.3kQ)(100 ,uF)}
1 Vr(pp)
Voo = | 1o W o = Voo = =495V -0.625V =489V
2/R,C 2
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18. Visecy= 141436 V) =509 V
See Figure 2-5.

PVANNANYA
NV

495V=—--—
VAD /\ /\ /‘\
0 p— —T | W | W
_ -07V
489V
Vep
0
Figure 2-5

19.  Load regulation = P =V 10094 = (Mjloo% =4%
Ver 149V

20. Ve =V — (0.005) V. =12V - (0.005)12V=11.94 V
Section 2-4 Diode Limiting and Clamping Circuits

21. See Figure 2-6.

Figure 2-6
22, Apply Kirchhoff’s law at the peak of the positive half cycle:

(b) 25V= VR+ VR+0.7V
2Vr =243V

=222 - 1215V

Vour=Vr+0.7V=1215V+0.7V=1285V
See Figure 2-7(a).

©) Ve= % =5.65V

Vo =Ve+0.7V=565V+07V=635V
See Figure 2-7(b).
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@ "= —A—‘-‘;—V =215V

Vo=V +0.7V=215V+07V=285V

See Figure 2-7(c).
0
\/ -12V
25V

(a) (b)

©

Figure 2-6
23. See Figure 2-8.

OW 937\_/\
-93V--- 0
@ ®)
-123V-—-- 0
© @)

0 12.3 M
-63V--- 0
© ®
Figure 2-8
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24.

25.

26.

27.

28.

See Figure 2-9.

0.7V
0 —\ — —
25V- v
(@)

NAWA
J [

See Figure 2-10.

MV [ [

VAV,

()

See Figure 2-11.

0
_a93v—
©
Figure 2-9
07V 07V
0 —f——\ Y — 0 —f——\ Y —
7 7 = 7 7 =
-07V 07V
@ ®)
Figure 2-10
NN S
VAV
30V - - -
(@) (b)
0

-113V
©)

Figure 2-11

30V“"7\ /\
0

(CY)

(a) A sine wave with a positive peak at 0.7 V, a negative peak at —7.3 V, and a dc value of

-33V.

(b) A sine wave with a positive peak at 29.3 V, a negative peak at —0.7 V, and a dc value of

+14.3 V.

(c) A square wave varying from +0.7 V to —15.3 V with a dc value of -7.3 V.
(d) A square wave varying from +1.3 V to —0.7 V with a dc value of +0.3 V.

(a) A sine wave varying from —0.7 V to +7.3 V with a dc value of +3.3 V.

(b) A sine wave varying from —29.3 V to +7.3 V with a dc value of +14.3 V.
(c) A square wave varying from —0.7 V to +15.3 V with a dc value of +7.3 V.
(d) A square wave varying from —1.3 V to +0.7 V with a dc value of -0.3 V.

11
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Section 2-5 Voltage Multipliers

29. Vour = 2Vpimy = 2(1.414)(20 V) =56.6 V
See Figure 2-12.

H )
Figure 2-12
30. VOUT(trip) =3 Vp(in) = 3(1414)(20 V) =848V
VOUT(quad) = 4Vp(i,,) = 4(1414)(20 V) =113V
See Figure 2-13.
[« RERTTEELEER Vour=848V
0——| (
H Vi(in) PIV=56.6 V
[{
N
(a) Tripler
A .
I\
H Vo(in) PIV=56.6V
|{
. I{ *
(o R SRR LRI VOUT= 113 V
(b) Quadrupler

Figure 2-13
Section 2-6 The Diode Data Sheet

31. The PIV is specified as the peak repetitive reverse voltage =50 V.
32. The PIV is specified as the peak repetitive reverse voltage =400 V.

33. Use the specified I, = 800 A.
Rsurge(min) = éﬂ =6.25 mQ
800 A

12
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Section 2-7 Troubleshooting

34.

If a bridge rectifier diode opens, the output becomes a half-wave voltage resulting in an
increased ripple at 60 Hz.

2, _21115V)(1414) _,
T

04V

Vavg =

The output of the bridge is correct. However, the 0 V output from the filter indicates that the
surge resistor is open or that the capacitor is shorted.

(a) Correct
®) Incorrect. Open diode.
(c) Correct
(d) Incorrect. Open diode.

Viee = % =23 Vrms

Vpsey= 141423 V) =325V
The peak voltage for each half of the secondary is

v
p(zm) -2V 63V

The peak inverse voltage for each diode is PIV=2(16.3 V) +0.7 V=332V
The peak current through each diode is

Voo g7y
;o2 7 _163V-07V
? R, 330 Q

The diode ratings exceed the actual PIV and peak current.
The circuit should not fail.

=473 mA

System Application Problems

38.

(a) No voltage between TP1 and TP2:
Possible causes: fuse blown or power cord not plugged in.
Corrective action: check fuse and power plug. Replace fuse or insert plug.

(b) No voltage between TP3 and TP4, 110 V from TP1 to TP2:
Possible causes: open primary or shorted secondary.
Corrective action: check windings with ohmmeter. Replace transformer.

(c) 50 V between TP3 and TP4, input voltage correct:
Possible causes: partially shorted primary or wrong turns ratio.
Corrective action: check primary winding and transformer rating. Replace
transformer.

(d) 25 V between TP3 and TP4, input voltage correct:
Possible causes: partially shorted secondary or wrong turns ratio.
Corrective action: check secondary winding and transformer rating. Replace
transformer.
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(e) Full-wave voltage with peak of 50 V from TP7 to ground:
Possible cause: Filter capacitor open.
Corrective action: check capacitor with ohmmeter. Replace capacitor.

(f) Excessive 120 Hz ripple at TP7:
Possible causes: leaky filter capacitor or excessive loading.
Corrective action: check capacitor and load. Replace capacitor or correct load
condition.

(g) 60 Hz ripple at TP7:
Possible cause: open diode in bridge.
Corrective action: check diodes with ohmmeter and replace defective one.

(h) No voltage at TP7:
Possible causes: open surge resistor, blown fuse, open winding, shorted C.
Corrective action: check all and replace defective component.

39. Something must be causing a diode to open. Check all the diodes for opens this time. You
will most likely find one. The PIV or the maximum surge current must have been exceeded.
Excessive PIV could be caused by some shorted primary windings which would produce an
excessive secondary voltage. If caused by excessive surge current, a small limiting resistor
will have to be placed in series with C;.

40. If the top diode in textbook Figure 2-87 were reversed, two forward-biased diodes would be
placed in series across the secondary during the negative half-cycle which, most likely, would
blow the diodes open and result in no voltage at TP8.

Advanced Problems

a. V.= (ﬁ}/p(m
L

c (;)V ( 1 ]m:m i
1R,V (120 Hz)(3.3kQ)(0.5 V)

14
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1
Voc=|l1-——V,a
* ( 2fRLCJ e

Voc —(1— 1 ]
Vp(in) ZfRLC

1 e
2fRLC Vp(in)
1 -C

|24
szL (1 _ _"DC J

Vp(in)

1 1
c= - = 62.2 4iF
(240 Hz)(1.0kQ)(1-0.933) (240 Hz)(1.0kQ)(0.067)

Then

/A L L 15V=2V
( fRLCJ pam ((120 Hz)(1.0kQ)(62.2 yF)j

The capacitor input voltage is

Voiy=(1.414)(24 V) - 14V =325V

R = Voiny _325V
Surge 1 50 A

surge

=651 mQ

The nearest standard value is 680 mQ.

See Figure 2-14.

The voltage at point A with respect to ground is
Vy=14149V)=12.7V

Therefore,

Vp=127V-0.7V=12V
V,=0.05V3=0.05(12 V) = 0.6 V peak to peak

c= (____1 jVB =( : lev =245 4F
R, (120 Hz)(6800)(0.6 V)

The nearest standard value is 270 uF.
Let Ryyrge = 1.0 Q.

12V
Isurge(max) = 1 O—“‘Q =12A

Ir= 12V 17.6 mA
680 Q2

PIV=2V0uy+ 0.7V =247V L, INeoot

H = 1
o % =
| | I 270 uF 680 Q

1N4001 —

Figure 2-14

15
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45. See Figure 2-15.
IL(max) =100 mA
oV 90 Q
100 mA
V,=1.414(0.25 V) =0.354 V
V,=2(0.35V)=0.71 V peak to peak

L=

- ( 1 ]9 v
(120 Hz)(90 Q)C
Cc= Al =11
(120 Hz)(90 Q)(0.71V)

Use C = 1200 4F.
Each half of the supply uses identical components. 1N4001 diodes are feasible since the
average current is (0.318)(100 mA) = 31.8 mA.

Riurge = 1.0 Q will limit the surge current to an acceptable value.

74 uF

g L @ ]
° - 1200 pF
,I_\ stV
ll_9 V
90Q
I T |
- I 1200 pF -
All IN4001 =
Figure 2-15
46. Both positive and negative limiting of a sinusoidal voltage is not achievable with a single dc

source.

47. Ve =(1414)(110V)-0.7 V=155V
Ve = 2(1.414)(110 V) — 2(0.7 V) =310 V

16
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EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 48 through 56 are available in the
Solutions folder for Chapter 2 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

48. Diode shorted

49. Diode leaky

50. Diode open

51. Bottom diode open

52. Reduced transformer turns ratio

53. Open filter capacitor

54. Diode leaky

5S. D, open

56. Load resistor open

17



Chapter 3
Special-Purpose Diodes

Section 3-1 Zener Diodes

1. See Figure 3-1.
75V 5Q
=]+
O i | M
Figure 3-1
2. ]ZK = 3 mA
V; = -85V

AV, 565V-56V 005V 50
A, 30mA-20mA 10mA

3. Zz =

4. Al; =50 mA — 25 mA =25 mA
AV =Al;Z;= (25 mA)(15 Q)=+0375V
V=V +AVz=47V +0375V=5.08V

5. AT =70°C — 25°C = 45°C
(6.8 V)(0.0004/°C)
45°C

Vz=68V+ =68V+0.12V=692V

Section 3-2 Zener Diode Applications
6. ViNminy = Vz + IzxkR =14V + (1.5 mA)(560 Q) =148 V

7. AV, = (I — Lx)Z, = (28.5 mA)(20 Q)= 0.57 V
VOUT = VZT - AVZ =14V-057V=1343V
VIN(min) = [ZKR + VOUT = (15 1TlA)(56O Q) +1343V=143V

8. AV, =127 =(40 mA - 30 mA)(30 Q)=03 V
V;=12V+AVz=12V+03V=123V
_Vn-V, _18V-123V
40mA  40mA

=143 Q

18
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10.

11.

12.

13.

14.

15.

Vz=12V+03V=123V

See Figure 3-2.

Vawiny = Vz — AL, Zz = 5.1 V — (49 mA — 1 mA)(7 Q)

=51V -(48mA)7Q)=51V-0336=476V

Vr=8V -476 V=324V

_ Ve 324V
=

R
R 22Q

=221 = 147mA

I maxy = 147 mA — 1 mA = 146 mA
Vgmay = 5.1 V+ (70 mA —49 mA)(7 Q) =51V +0.34 V=544V
Vi=8V-544V=256V

_ 256V

T

=116 mA

Lminy = 116 mA — 70 mA = 46 mA

V. -V, .
% Load regulation = —2@20 200 » 100% =

Z(min)

Withno load and Viy=6 V:

V-V 6V-51V _

Z=

R+Z,  29Q

31

mA

544V -476 V

+123V
0 7
-07V
Figure 3-2

x 100% = 14.3%

4.76 V

Vour=Vz=AlzZ;=51V-35mA-31mA)7Q)=51V-0.028V=507V
With no load and V=12 V:
o= Vin V7 _ 12V-51V

7=

R+Z, 290
Vour=Vz+Al,Zz =51V + (238 mA —35mA)(7 Q) =51V +142V=652V

% Line regulation =

% Load regulation =

% Line regulation =

% Load regulation =

IN

NL

AVour

|2

FL

IN

NL

|4

FL

=238 mA

x 100

AVour x 100% =
AV

% =

K__J % 100% =

02V
10V

,_V~_:_.£L_ %x 100% =

6.52V-5.07V

12V-6V

798V

19

823V -798V

3.6V-34V

x 100% = 24.2%

x 100% =3.13%

x 100% = 4%

x 100% = 5.88%
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Section 3-3 Varactor Diodes
16. At5V,C=20pF
At20V,C=10pF
AC =20 pF — 10 pF = 10 pF (decrease)

17. From the graph, 'R =3V @ 25 pF

18. fi=-—

1 1
47°Lf?  47%(2 mH)(1MHz)?
Since they are in series, each varactor must have a capacitance of 2Cr = 25.4 pF

Cr

=12.7pF

19. Each varactor has a capacitance of 25.4 pF. Therefore, from the graph, V' =2.5V.
Section 3-4 Optical Diodes

20. Assuming Ve=12V,

L= M =33.5mA

680 Q
From the graph, the radiant power is approximately 80 mW.

21. See Figure 3-3.

_ 5V-07V _ 1430
30mA
Use nearest standard 1% value of 147 Q or 5% value of 150 Q.
+5V
1 € > |10 .
o2 ¢ ! > 9 0—4 147 Q
3 | 8 -
O | \J
D——-C4 : "—Lo—o
ol —i¢ >0
Figure 3-3
10V
22. = ——— =50
*200kQ HA

20
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_Vs 3V

23. (a) R=—= =30 kQ
I 100 LA
(b)R=E: 3V = 8.57 kQ
I 350pA
(c)R=E= 3V =5.88 kQ
I 510pA
24, The microammeter reading will increase.

Section 3-5 Other Types of Diodes

_ AV _ 125mV-200mV__ -75mV

25. = = =-750 Q
Al 025mA-0.15mA 0.10mA
26. Tunnel diodes are used in oscillators.
27. The reflective ends cause the light to bounce back and forth, thus increasing the intensity of

the light. The partially reflective end allows a portion of the reflected light to be emitted.

Section 3-6 Troubleshooting

28. (a) All voltages are correct.
(b) V3 should be 12 V. Zener is open.
(c) Vi should be 110 V. Fuse is open.
(d) Capacitor C; is open.
(e) Transformer winding open.

29. (a) With Ds open, VOUT =30V

(b) With R open, Vour=0V

(c) With C leaky, Vour has excessive 120 Hz ripple limited to 12 V
(d) With C open, Vour is full wave rectified voltage limited to 12 V
(e) With D; open, Vouyr has 60 Hz ripple limited to 12 V

(f) With D, open, Voyr has 60 Hz ripple limited to 12 V

(g) With T open, Vour=0V

(h) With F open, Vour=0V

30. The voltage reading is too low. Inspection of the circuit board reveals that the second diode
from the top is connected backwards.

31. The input voltage is correct but there is 0 V at the rectifier output. Possible causes are open
fuse, open transformer, or open resistor. Cannot be isolated further with given measurements.

32. The LED (Ds) will not light when any of the following faults occur: Ds open, R; open, R,
open, fuse blown, transformer winding open, Ds shorted, or C; shorted.

21



Chapter 3

33.

The photodiode D, will not respond when there is:
No dc voltage

R, open

D, open

A short in the threshold, counter, and display circuits.

Step 1: Check for 5.1 V dc.
Step 2: Check for a dc voltage at the D, cathode.

Data Sheet Problems

34.

From the data sheet of textbook Figure 3-7:
(@) @ 25°C: Ppmax) = 1.0 W for a 1N4738
(b) Fora IN4751:
@ 70°C; Ppmaxy = 1.0 W — (6.67 mW/°C)(20°C) = 1.0 W — 133 mW = 867 mW
@ 100°C; Ppgmaxy = 1.0 W — (6.67 mW/°C)(50°C) = 1.0 W — 333 mW = 667 mW
(¢) Ix = 0.5 mA for a IN4738
(d) @ 25°C: Iy =1 W/27 V =37.0 mA for a IN4750
(e) AZ;=700Q-7.0 Q=693 Q for a IN4740
() @ 25°C: Vzumax) = 6.8 V+ (4 mV/°C)(25°C) =6.8 V+ 100 mV = 6.9 V for a 1N4736
(g) @ 75°C: Vzming =20V + (15 mV/°C)(50°C) =20 V + 750 mV = 20.8 V for a 1N4747

From the data sheet of textbook Figure 3-22:
(@) Vrmax)y =60V fora IN5139
(b) Fora IN5141:
@ 60°C; Ppmaxy = 400 mW — (2.67 mW/°C)(35°C) = 400 mW - 93.5 mW =307 mW
(c) Fora IN5148:
@ 80°C; Ppmaxy =2.0 W — (13.3 mW/°C)(55°C) =2.0 W — 732 mW = 1.27 W
(d) Cp=21pF fora IN5148
(e) For maximum figure of merit a 1N5139 is best.
(f) For V=60V, Cp=13.5 pF/2.8 = 4.82 pF for a IN5142.

From the data sheet of textbook 3-31:

(a) 9V cannot be applied in reverse across an MLEDS1.

(b) When 5.1 V is used to forward-bias the MLED&81 for /r = 100 mA, V=142V
R= 51V-142V _ 3.68V

100 mA 100 mA

(c) At 45°C maximum power dissipation is
100 mW — (2.2 mW/°C)(20°C) = 100 mW — 44 mW = 56 mW
If Ve = 1.5V and Iy = 50 mA, Pp, =75 mW. The power rating is exceeded.

(d) For Iz = 30 mA, maximum axial radiant intensity is approximately 4.3 mW/sr.

(e) For Iz =20 mA and = 20°, radiant intensity is 90% or maximum or (0.9)(20 mW/sr)
=18 mW/sr

=36.8Q

From the data sheet of textbook Figure 3-36:

(a) With no indicent light and a 10 k< series resistor, the voltage across MRD821 is
approximately equal to the reverse bias source voltage.

(b) Reverse current is greatest at about 940 nm.

(c) At T, = 60°C, dark current is about 40 nA.
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(d) Sensitivity is maximum for 4 = 940 nm.

(e) At 900 nm the sensitivity is about 80% of maximum (0.8)(50 HA/MW/cm?)
= 40 yA/mW/cm®

() For A= 900 nm, 8= 40° and an irradiance of 3 mW/cm®
I = (0.8)(0.87)(50 #A/mW/cm?)(3 mW/cm®) = 104 LA

Advanced Problems
38. See Figure 3-4.
o—1
AC Ry
input J— mz ’ o Voun
= G D,
100 pF 1N4336
I 6.8V
C — —
Ry
* AMN—s 0 Your2
i 220Q
= (o] D,
100 uF 1N4749
I 24V
Figure 3-4

39. VOUT(I) =6.8 V, VOUT(Z) =24V

40. For a 1.0 kQ load on each output:

6.8V

IOUT(I) = m =6.8 mA
24V

IOUT(2) = ‘1——0—15 =24 mA

Iz = 37 mA for VZT

I7, = 10.5 mA for Vor

I;=6.8 mA +24 mA + 37 mA + 10.5 mA =78.3 mA
The fuse rating should be 100 mA or 1/8 A.

41. See Figure 3-5.

R 8.2
Use a 1N4738 zener. 24 Vo—AAN, o
It =35mA + 31 mA = 66 mA 20Q
R= 4V-82V _ 239 Q 1N4738 R,
66 mA
Figure 3-5 ) )
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42,

Use a 1N5148 varactor diode.

From the graph in textbook Figure 3-22, the maximum and minimum varactor capacitances
are roughly Cpax =80 pF @ 1 Vand Cpi = 12 pF @ 60 V

Use these capacitance values to calculate an inductance range for 350 kHz and 850 kHz:

2
1
Lyx=|—F——| =292mH
1 2
Lypn=| ———| =2.58mH
[27#;113)( Cmax )

Choose L = 2.7 mH and calculate required Cy;p and Cpay:

2
1
Con=| ———| =13pF
(nfmﬁ] P

2
1
Chax=|——| =77pF
(wmﬁj P

From the graph in Figure 3-22, the reverse voltages for these capacitance values are
approximately:

Vr(max) = 50 V for 13 pF

Vrminy = 1.2 V for 77 pF

Let VBIAS =100 V.

R
Vi ‘min) = 2 "
Remin) [R2+R3+R4+R5J BIAS
Ve = R, +R, y
. R, +R,+R,+R; ) ™™

Let R, + Ry + Ry + Rs = 100 kQ.

Vaminy(Re + Ry + R, + Rs) 1.2 V(100kQ)
Vaias T 100V

VR(max)(Rz + R, + R, +Ry) R = 50 V(100 kQ)

T 00V

R,= -12kQ=49kQ

VBIAS
Use Ry = 50 kQ.

R, + Rs =100 kQ — 50.2 kQ =49.8 kQ

Let Rs = 1.2 kQ.

R, =49.8kQ - 1.2kQ=48.6kQ

Use R, =47 kQ.

All other component values are the same as in textbook Figure 3-24.
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43.

44.

See Figure 3-6.

ro Vo _12V-07V o
I 20mA

Use standard value of 560 Q.

+12V

560 Q 560 Q 560 Q 560 Q 560 Q 560 Q 560 Q

PSSP

Figure 3-6
See Figure 3-7.
+12V
a b c d e f g

560 Q 560 Q 560 Q 560 Q 560 Q 560 Q 560 Q

B N
L

Figure 3-7

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 45 through 48 are available in the

Solutions folder for Chapter 3 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

45.

46.

47.

48.

Zener diode open
Capacitor open
Zener diode shorted

Resistor open
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Chapter 4
Bipolar Junction Transistors (BJTSs)

Section 4-1 Transistor Structure

1.

2.

Majority carriers in the base region of an npn transistor are holes.

Because of the narrow base region, the minority carriers invading the base region find a
limited number of partners for recombination and, therefore, move across the junction into
the collector region rather than out of the base lead.

Section 4-2 Basic Transistor Operation

3.

6.

The base is narrow and lightly doped so that a small recombination (base) current is
generated compared to the collector current.

Iy = 0.02]5 = 0.02(30 mA) = 0.6 mA
Joe=Iz — Iy =30 mA — 0.6 mA = 29.4 mA

The base must be negative with respect to the collector and positive with respect to the
emitter.

Ic=I;— I =534mA - 475 uA =4.87 mA

Section 4-3 Transistor Characteristics and Parameters

o= o _82BMA oo
I, 8.69mA
o _25mA o

I, 200 gA

Ly =1z —1-=20.5mA - 20.3 mA = 0.2 mA =200 zA

_ I _205mA _ oo

I, 200 uA

Ig=1Ic+I3=535mA + 50 pA =540 mA

o= o _335mA o0
I, 5.40mA

I = apcly = 0.96(9.35 mA) = 8.98 mA
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fe=tre = 3V _spp
" R. 10kQ
ﬂDC=I_C=_SEA;_=100
I, 50 uA
Opc = Pc =B(-)— =0.99
Boc+1 101
p Ve =Ver _4V-07V _ 33V _,0, o
R, 47kQ  47kQ
fom Yee=Vew _24V=8V _ 30 0
R, 470Q

Iz =Ic + Iz =34 mA + 702 uA =34.7 mA
I.  34mA —48.4

Poc I, 702 A
(@) Ves=0.7V
JALEC Tl I = A R Y
Ry  3.9kQ

IC =ﬂDCIB = 50(11 mA) =55mA
VCE = VCC - IcRc =15V - (55 mA)(180 Q) =510V
Vec=Vee—Vcg=0.7V-5.10V=-440V

(b) Ver=-0.7V
o Ve —Voe _=3V-(07V) -23V
R, 27kQ 27kQ
Ie = focls = 125(~85.2 uA) = —10.7 mA
Vep = Vee — IcRc = -8 V — (=10.7 mA)(390 Q) = -3.83 V
VBC = VBE - VCE =0.7V- (—383 V) =313V
Yee .Y _g33ma
R. 180Q
Vig —Vaz SV =07V
R,  3.9kQ

Ic = focls =50(1.1 mA) =55 mA
Ic <Icgsay
Therefore, the transistor is not saturated.

=-852 uA

(a) I C(sat) =

Iy = =1.1mA
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17.

18.

19.

Ve 8V

Ioan = ¢ =——— =20.5mA
(b) C(sat) Rc 390Q
= Yo =Ver _3V=0TV _oor
Ry 27kQ

Ic = fpcls = 125(85.2 uA) = 10.7 mA
Ie < Icgsay
Therefore, the transistor is not saturated.

Va=2V
Ve=Va-Vae=2V—-07V=13V
_ V13V
FTR10KQ
I = apclz = (0.98)(1.3 mA) = 1.27 mA
oo o 098 _
l-ap. 1-0.98
L=I;-Ic=13mA-127mA =30 zA

=13 mA

(a) VB= VBB=10V
VC=VCC =20V
Ve=Ve—Vpge=10V-0.7V=93V
VCE=VC-VE =20V-9.7Vv=10.7V
VBE=0.7V
Vec=Vp—Vc=10V-20V=-10V

(b) VB= VBB=—4V
VC=VCC =-12V
VE=VB-VBE=—4V—(—O.7V)=—3.3V
Vep=Ve—Vg =—12V —(-33)V=-87V
Vee=-0.7V
Vac=Ve—Ve=—-4V - (-12V)=8V

For fpc = 100:
_ Vg —Vegg 10V-0.7V

i
R 10kQ

=930 uA

= _Poc 100 =0.990

1+ fpe 101
Ic = apcle = (0.990)(930 pA) =921 pA
For fpc = 150:

apc

I =930 A
apc = Prc =@=0.993
1+ By 151

Ie = ancls = (0.993)(930 uA) = 924 A
Al =924 uA —0.921 A =3 A
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20. P D(max) = VCEIC
Pomax) _12W
I. 50mA

=24V

VCE(max) =

21. Ppmaxy = 0.5 W — (75°C)(1 mW/°C) = 0.5 W — 75 mW = 425 mW

Section 4-4 The Transistor as an Amplifier

22. Vour = AVin = 50(100 mV) =5V

23, A= 10V _333
v, 300mV
2, 4,=R _300Q
X100
Ve=Vou=AVin=56(50 mV) = 2.8 V

Section 4-5 The Transistor as a Switch

25. IC(sat) = & = i =500 LA
R. 10kQ
Ty = 20 (SO0 KA _ 5 35 4
" Boc 150
B(min) = R—
B

RBIB(min) = VIN(min) -0.7V
Vintein) = ReJain + 0.7 V = (3.33 gA)(1.0 MQ) + 0.7 V=4.03 V

26. IC(sat) = ﬂ =12.5mA
1.2kQ
1
Ipgming = —2 = 125mA _ 250 uA
Poc 50
Romin = Vn—0.7V _ 43V _ 17.2 KO
Iy 250 A
VIN(cutoﬁ) = 0 \%

Section 4-6 Transistor Packages and Terminal Identification

27. See Figure 4-1. B C
E C O @)
Figure 4-1

29



Chapter 4

28.

(a) Small-signal
(b) Power

(c) Power

(d) Small-signal
(e) RF

Section 4-7 Troubleshooting

29.

30.

31.

With the positive probe on the emitter and the negative probe on the base, the ohmmeter
indicates an open, since this reverse-biases the base-emitter junction. With the positive probe
on the base and the negative probe on the emitter, the ohmmeter indicates a very low
resistance, since this forward-biases the base-collector junction.

(a) Transistor’s collector junction or terminal is open.

(b) Collector resistor is open.

(c) Operating properly.

(d) Transistor’s base junction or terminal open (no base or collector current).

5V-0.7V
a) p= — =632 uA
(@ Is 63 KO H
IC=M=1.76mA
3.3kQ
ﬂDC=I_C=l.76mA 278
I;  63.2uA
45V-0.7V
b) = ——— =141 yA
(b) Is 27KO H
IC=M=15.3mA
470 Q
,BDC=]—C:15°3mA ~109
Iy 141pA

System Application Problems

32.

33.

With the remote switches closed, Q; should be on and Q, should be off, keeping the relay
contacts (pins 10 and 11) open. When a remote switch opens, O, should turn off and Q>
should turn on, energizing the relay and closing the contacts. If the Q; collector or base is
open, such that Q; is off all the time, Q, will stay on all the time, so this is not the problem.
Most likely, O has failed so that it remains off all the time or R;, or R4, could be open. Also,
the relay could be faulty.

With the remote switches closed, Q; and Qs should be on and Q, and Q, should be off
keeping the relay contacts (pins 10 and 11) open. When a remote switch opens, Q; (or Os)
should turn off and Q, (or Q) should turn on, thus energizing the relay and closing the
contacts (pins 10 and 11). If the O, (or ;) collector or base is open, such that O, (or Qs) is
off all the time, Q, (or Q4) will stay on all the time. Most likely, either Q, (or Q,) or its
associated circuitry is faulty such that it remains on all the time. An internally open junction
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|

in Q; or Qs or an open resistor (R, or R¢) could cause this problem. Also, the relay may be
faulty.

The constant 0.1 V at pin 9 indicates that Qg is saturated. Most likely Qs has failed such that
it always acts as an open switch keeping Qs saturated. First look for obvious problems such
as a burned resistor (R;;) or a bad contact. Next check the Qs collector with pin 7 connected
to pin 6. You should see approximately 0.1 V at the Qs collector. If Os is open, you will see
approximately 3.6 V at the collector.

Data Sheet Problems

35.

37.

38.

39.

From the data sheet of textbook Figure 4-19:

(a) For a 2N3903, Vcgomaxy =40V

(b) For a 2N3904, Icmax = 200 mA

(c) For a 2N3903 @ 25°C, Pp(max) = 625 mW
(d) For a2N3094 @ ¢ = 25°C, Ppmaxy = 1.5 W
(e) For a 2N3903 with Ic = 1 mA, Argmin) = 35

For a 2N3904 with T, = 65°C:
Ppmaxy = 625 mW — (65°C — 25°C)(5.0 mW/°C)
=625 mW — 40°C(5.0 mW/°C) = 625 mW — 200 mW = 425 mW

For a 2N3903 with Tc = 45°C:
Ppmayy = 1.5 W — (45°C - 25°C)(12 mW/°C)
=1.5W-20°C(12 mW/°C)=1.5W - 240 mW =1.26 W

For the circuits of textbook Figure 4-56:

@) I = 3v-07V _ 23V —6.97 mA
330Q 330Q
hFE =15
I =15(6.97 mA) =105 mA
Ve=30V-(105mA)(270 Q)=30V-282V=18V
Veg=18V-07V=11V
Pp=(1.1 V)(105 mA) =112 mW
At 50°C, Ppmaxy = 625 mW — (50°C - 25°C)(5.0 mW/°C) = 500 mW
No parameter is exceeded.

(b) Vceo =45 V which exceeds Vceomay-

For the circuits of textbook Figure 4-57:
_5V-07V 43V

a) Iy = = =430 uA
@ L= e "ok a
hFE(max) =150
I = 150(4.30 £A) = 64.5 mA
9V
sat) — T o 9 A
T N

The transistor is saturated.
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3V-07V _ 23V

L= - —23 JA
® b=k “10ka A
hFE(max) =300
Ie = 300(23 A) = 6.90 mA

12V
Towy = ——— =21.4mA
G0 5600

The transistor is not saturated.

I. _10mA

40. IB(min) = =66.7 ,UA
hFE(max) 150
Tgmax) = P L = 10mA =200 pA
FE(min)

41. For the circuits of textbook Figure 4-58:
@) I = 8V-07V _ 73V

68 kQ 68kQ

hFE =150

Ic=150(107uA) = 16.1 mA

Ve=15V-(16.1 mA)(680 Q) =15V -1095V =405V

Vee=4.05V-07V=335V

Pp=(3.35V)(16.1 mA) =53.9 mW

At 40°C, Ppmax) = 360 mW — (40°C — 25°C)(2.06 mW/°C) = 329 mW

No parameter is exceeded.

=107 yA

5V-07V 43V
I= =
® b= ~a7k
hieg = 300
I = 300(915A) = 274 mA
35V-03V

Towan = o2 Y 73 8 mA
20 470Q

The transistor is in hard saturation. Assuming Vegeany = 0.3V,
Pp=(0.3 V)(73.8 mA) =22.1 mW
No parameter is exceeded.

=915 A

Advanced Problems

42, ﬁDC = ile
1-ape
Poc — Pocane = apc
Poc = apc(1l + foc)

_ bC
e I+ Bpe)
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I = 150(500 pA) =75 mA

Vee=15V - (180 Q)(75mA) -0.7V =08V

Since Vegsan = 0.3 V @ Ic = 50 mA, the transistor comes out of saturation, although
marginally.

From the data sheet, fSocminy = 15 (for Ic =100 mA)

+9
T = 150mA _ 10 mA
_ Ry
Rugoiny = 3V 0.7V= 23V 2300 .
10mA 10 mA B
Use the standard value of 240 Q for Rg. 3V A 2N3904
To avoid saturation, the load resistance cannot exceed about
M =5330
150 mA L
See Figure 4-2. -
Figure 4-2
Since Iy = 10 mA for I = 150 mA, ¥V
Roniny = I9V-07V _ 83V _ 230 O
10 mA 10 mA R
Use 910 Q. The load cannot exceed 53.3 Q. R
: B
See Figure 4-3. IN3904
910Q
Figure 4-3
Reminy = 4,7, = 50(8 Q) =400 Q (Use 430 Q) 4V +12V
Ic= M =16.3 mA
430Q
Assuming Agg = 100,
16.3mA
= =163 uA
2~ 100 a
Rpmax) = 4V-07V _ 20.3kQ (Use 18kQ)
163 A

See Figure 4-4.

Figure 4-4
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EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 47 through 54 are available in the
Solutions folder for Chapter 4 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

47, Ry shorted

48. Rc open

49. Collector-emitter shorted

50. Collector-emitter open

51. Ry leaky

52. Collector-emitter shorted

53. Rp open

54. Rc open
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Chapter 5
Transistor Bias Circuits

Section 5-1 The DC Operating Point

1.

2.

The transistor is biased too close to saturation.

Ie = focls = 75(150 uA) = 11.3 mA
Vee=Vee —IcRc =18 V—-(113mA)(1.0kQ)=18V-113V=6.75V
Q—point: VCEQ =6.75 V, ICQ =11.3 mA

=——— =18 mA

T ~ VCC
0= 1.0kQ
R. 1.

VCE(cutoff) =18V

Horizontal intercept (cutoff):
VCE = VCC =20V
Vertical intercept (saturation):
Ty = 2 = 20V
R. 10kQ
Vag —0.7V

RB
Ve =IgRg + 0.7 V=20 pA)(1.0MQ)+0.7V=20.7V
Ic = focls = 5020 A) =1 mA
Vee=Vee —IcRc =20V — (1 mA)(10kQ) =10V

IB=

See Figure 5-1.

Vee = Vee — IcRc Re
_ — AMA
Rc= Vch Ver _ 105Vm:V =1.2kQ 12kQ
c
Rp
o= e _SMA _ 05 A
Boc 100 186 kQ
+
10V-0.7V e
= — 186 kKO E 10V I0AY
0.05mA I
PD(min) = VCEIC = (4 V)(S mA) =20 mW — =
Figure 5-1
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#

Vig —Vez _ 1.5V=07V _

8. Ig= 80 LA
TR, 10k a
Ioay = —VCC = ———8 v =20.5mA
R.  390Q

Ic = focls = 75(80 pA) = 6 mA
The transistor is biased in the linear region because
0< IC < IC(sat)-

Section 5-2 Voltage-Divider Bias

9. BocaminRe = 10R,

10R, _ 47kQ
i = 2 = " = 69.1
Pocin R, 680Q
10. IC(sat) = VCC = 5V =6.88 mA

R-.+R; 2.18kQ

Ve = IoanRe = (6.88 mA)(680 Q) =4.68 V
Vo=V + 0.7 V=468 V+0.7V=538V
( R, || BocRs

R +R, ” PocRg
(R, || BocRs)(15 V)= (538 V)(R, + R, || BocRs)
(R, || BocRe)(15 V) = (B, | BocRs)(5.38 V) = Ri(5.38 V)
(R, | BocRs)(15 V —5.38 V) = (22 kQ)(5.38 V)

22kQ)(5.38V

R, " BocRg = ¢ X ) - 1

15V -538V
1 1 1

— =

R, PBocRy 123kQ
1,1 1

R, 102kQ 12.3kQ

1
— =715 uS
R H

2

R, =14 kQ

1. r=|L VCC=(&)15V=1.25V
R +R, 24kQ

Ve=125V-0.7V=055V
= KE.:M =809 #A
R, 680Q
I =809 LA
VCE = Vcc _[CRC - VE =15V - (809 ﬂA)(lS kQ + 680 Q) =132V

JISV =538V

2.3kQ
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#

R R 15kQ)|(110)1.0kQ
12.  Vp= _Rallocks e = Jatox ) =197V
R+ Ry||BocRe 47kQ +15kQ)|(110)(1.0 kQ)
Ve=V—07V=197V-07V=127V
ICzIE= ZE=1—I7—Y =1.27mA
R, 1.0kQ
Ve=Voc—IcRc=9V - (1.27mA)(22kQ) =621V % 15kQ 1kQ

13. See Figure 5-2.

§ 47kQ 22kQ

Figure5-2 = =

14. () Ripase) = BocRe = 50(560 Q) =28 kQ
5.6kQ| 28kQ
B = (-12V) =
33kQ+5.6kQ || 28kQ
() Ringase) = 50(1120 Q) = 56 kQ

5.6kQ| 5.6kQ :
Ve = " (-12V) = (5 09 kQJ(—lz V) =-1.6V
33kQ+56kQ | 5.6kQ 38.1kQ

4.67kQ
37.7kQ

J(—l2 V) =-149V

15. @ Vee=Ve+07V=-149V+07V=-079V
Igzk= Ve _Z0DPYV _ j41mA
R, 560Q
Veq=Vec—IcRc=-12V - (-1.41 mA)(1.8 kQ) =-9.46 V
VCEQ = VCQ - VEQ =-946V - (—079 V) =-8.67V
(b) PD(min) = ICQVCEQ = (—141 mA)(—867 V) =12.2 mW

Section 5-3 Other Bias Methods

16.  Vep="Voc; V=0V
 Vee=07V _12V-07V 113V
R, 22kQ  22kQ
Ic = focls = 90(514 uA) = 46.3 mA

Ves = Vee — IcRc = 12 V — (46.3 mA)(100 Q) =7.37 V

Iy

=514 A

17.  Icq=180(514 pA) = 92.5 mA
Vesg =12V = (92.5 mA)(100 Q) =275V

18. I changes in the circuit with a common V¢ and Vgp supply because a change in V¢ causes
Iy to change which, in turn, changes /c.
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19.

20.

21.

22.

Vig —Vee 9V —-0.7V

= =553 pA
? R, 15kQ a
Iy = Yee L OV __ 90 mA
R. 100Q
For fpc =50:

Ic = focls = 50(553 pA) =27.7 mA

Vee=Voc —IcRc =9V — (27.67 mA)(100 ) =6.23 V

For fpc = 125:

Ic = Pocls = 125(553 pA) = 69.2 mA

Vee = Vee —IcRc =9V — (69.2 mA)(100 Q) =2.08 V

Since /¢ < Iceay for the range of Bnc, the circuit remains biased in the linear region.

Ve L OV =90 mA
R, 100Q

Icgsany =
At 0°C:
Poc=110-110(0.5) =55
L= Vee —Vag _ 9V-0.7V =553 uA
Ry 15kQ
Ic = Pocls = 55(553 pA) =304 mA
Vee = Voe —IcRc =9V - (30.4 mA)(100 Q)=5.96 V
At 70°C:
Poc =110+ 110(0.75) = 193
Iz =553 uA
Ic = focls = 193(553 pA) = 107 mA
I > Isar), therefore the transistor is in saturation at 70°C.
AIC = IC(sat) - Ic(oo) =90 mA — 30.4 mA =59.6 mA
AVCE = VCE(()o) - VCE(sat) =596V-0V=596V

Assuming V=0V,
VezVg—Vegg=0V-0.7V=-07V

Vi Vg —07V-(=5V) _ 43V _

B = = = =1.78 mA
Ry +Ry/ foe 22kQ+22kQ/100  2.42KQ

ICzIE
1.78 mA

B™ =17.8 ﬂA

Va = (17.8 A)(22 kQ) = -391 mV
Ve=-391mV-0.7V=-110V
Ve=Vee—IcRc=5V —(1.78 mA)(1.0 kQ) =3.22 V

Assume that at saturation, Ve =0 V.
Since VE =-1.10 Vand VC(sat) = VE(sat)
Vee = Veay _5V-(-1.10V) _

Ioay = 6.1 mA
R 1.0kQ
V. 39V
Remin) = ——-—-—I RE_ 61 =639 Q
C(sat) -lmA
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23.

24,

28.

26.

27.

28.

29.

At 100° C:

Ve =0.7V — (2.5 mV/°C)(75°C)=0.513 V

L= Vee —Vag _ 5V-0513V — 204 mA
R 2.2kQ

At 25°C:

_ 5V-0.7V _ 43V ~1.95mA

2.2kQ 2.2kQ
Al =2.04 mA — 1.95 mA = 0.09 mA

E

A change in fpc does not affect the circuit when Rg >>Rp/fpc.
Since
I = Vee —Vae
E
R + Ry / B
In the equation, if Rp/fpc is much smaller than Rg, the effect of fpc is negligible.

Assume fpc = 100.
le=l= VEE—VE= 10V-0.7V ~16.3 mA
R 470 Q+10kQ/100

VCE = VEE - VCC —IC(RC + RE) =20V-13.1V=-695V

V=07V

_ VeeVee __ 3V-07V
Ro+Ry/foc  1.8kQ+33kQ/90

Ve=Vec—IcRc=3 V — (1.06 mA)(1.8 kQ) =1.09 V

=1.06 mA

C

I = 1.06 mA from Problem 26.
Ic=1.06 mA — (0.25)(1.06 mA) = 0.795 mA

oo Vool
Re + Ry / Bpc
Re= Vee = Vg — IRy Boc _ 3V-0.7V-(0.795mA)(33kQ)/90 ~ 253 kO
I 0.795 mA

I =0.795 mA from Problem 27.
Vo= Vee = IcRc =3 V — (0.795 mA)(2.63 kQ) = 0.989 V

Poiny = Verle = (0.989 V)(0.795 mA) = 786 W v

See Figure 5-3.

= Vec Ve _ 12V-0.7V — 787 mA 12kQ
R-o+Ry/ By 1.2kQ+47kQ/200

Ve=Vec—IcRc=12V - (7.87 mA)(1.2kQ) =2.56 V

Ic

Figure 5-3
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Section 5-4 Troubleshooting

30. V,=07V, V=0V
§V_07V 07V
L= _ — 221 uA — 70 uA = 151
BT T35k 10kO H H HA
T =200(151 pA) =302 mA

8V

2.2kQ
If the problem is corrected,

- 10kQ
" l10kQ + 33K
V,=Ve=186V—-07V=116V

Ig= LISV _ 1.16 mA
1.0kQ

Vi=Ve=8V —(1.16 mA)(22kQ) =545V

IC(sat) = =3.64 mA, SO VC = VE =0V

)8V= 1.86 V

31. (a) Open collector
(b) No problems
(c) Transistor shorted from collector-to-emitter
(d) Open emitter

32. For fpc=35:

Vg = 4.5 kQ2 -10V) =31V
14.5kQ
For fpc=100:
(29 i« aav
15.17kQ

The measured base voltage at point 4 is within the correct range.
Ve=-31V+07V==24V
IC EIE = ____%ﬂ =-353mA

680
Ve=-10V - (-3.53 mA)(1.0 kQ)=-647V
Allowing for some variation in Vgg and for resistor tolerances, the measured collector and
emitter voltages are correct.

33. (a) The 680 Q resistor is open:
Meter 1: 10V
Meter 2: floating

5.6kQ

Meter 3: Vg=| ———
15.6kQ

)(—10 V) =-359V
Meter 4: 10V
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(b)

(©)

Chapter 5

The 5.6 kQ resistor is open.

_ 9.3V ~ 275 uA
10kQ +35(680 Q)

Ic =35(275 pA) =9.6 mA
10V

Jowan = ———— =5.95 mA
€0 1680 Q

The transistor is saturated.

Meter 1: 10V

Meter 2: (5.95 mA)(680 Q)=4.05V
Meter3: 4.05V+07V=475V

Meter 4: 10 V—-(5.95mA)(1.0kQQ)=4.05V

B

The 10 kQ resistor is open. The transistor is off.
Meter 1: 10V

Meter2: 0V

Meter3: 0V

Meter4: 10V

(d) The 1.0 kQ resistor is open. Collector current is zero.

(e)

®

Meter 1: 10V
5.6kQ || 680 Q
10kQ+5.6 kQ || 680 Q

Meter2: 127V -0.7V=057V
Meter 4: floating

Meter 3: [ J(IOV)+ 0.7V=057V+07V=127V

A short from emitter to ground.

Meter 1. 10V

Meter2: 0V

Meter 3: 0.7V
_@A0Vv-07V) 93V

Iy = =0.93 mA
10kQ 10kQ

Iominy = 35(0.93 mA) = 32.6 mA
10V

IC(sat) = m =10 mA

The transistor is saturated.
Meter 4: =0V

An open base-emitter junction. The transistor is off.
Meter 1: 10V
Meter2: 0V
5.6kQ

15.6kQ
Meter 4: 10V

Meter 3: ( )(IOV) =359V
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System Application Problems

34.

3s.

With R, shorted:
VB=0V, VE=0V, VC= VCC=9.1V

Faults that will cause the transistor of textbook Figure 5-30 to go into cutoft:
R, open, R, shorted, base lead or BE junction open.

Ringeasey = 70(470 Q) = 32.9 kQ

Rin=2.7kQ| 32.9kQ =2.50 kQ

VB=( 250k )5.1V= 250K s 1y — 157V
2.50kQ +5.6kQ 8.10 kO

Ve=157V-07V=0872V

So, o= I = 0.872V
470 Q

=1.86 mA

Ve=51V—-(1.86mA)(1.0kQ)=3.24 V

The following measurements would indicate an open CB junction:
Ve=Vec=191V

Vs normal

VE =0V

Data Sheet Problems

38.

For T=45°C and R, = 2.7 kQ
Rinasey = 2.7kQ | (30)(470 ©) =2.7kQ | 14.1kQ =2.27 kQ min
Rixasey = 2.7kQ | (300)(470 Q) = 2.7kQ || 141kQ = 2.65 kQ max

VB(min) = 2.27kQ 9.1V = 2.27kQ 9.1V =2.62V
227kQ+5.6kQ 7.87

Vemin =2.62V—-0.7V=192V

So, Ic=lg= —— =4.09mA
Vemaxy =9-1 V—(4.09 mA)(1.0kQ)=5.01V

VBmax) = ( 2.65kQ 9.1V = 2.65kQ 9.1V =292V
2.65kQ+5.6kQ 8.25kQ
Vemay =292V -0.7V=222V
So, Ic=Ig= % =473 mA
470 Q

Ve =9.1 V= (4.73 mA)(1.0 kQ) =437 V
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For T=55°C and R, = 1.24 kQ:
Ringpasey = 1.24kQ || (30)(470 Q) =1.24kQ || 14.1kQ = 1.14 kQ min

Rinasey = 1.24%Q || (300)(470 Q) =1.24kQ2 || 141kQ = 1.23 kQ max

VB(min) = 114k 9.1V = &)9.1V =154V
1.14kQ + 5.6 kQ 6.74kQ)
Vemin = 1.54 V-0.7V=0.839 V
SO, IC = IE = 0.839V =1.78 mA
470Q

Ve = 9.1 V= (1.78 mA)(1.0 kQ) =7.32 V

1.23kQ +5.6kQ 6.83kQ
Vemo = 1.64 V= 0.7 V=0.938 V
SO, IC = IE = 0.938V =2.0mA
470Q

Vein = 9.1V = (2.0 mA)(1.0 kQ) =7.10 V

39. At T=45°C for minimum fpc:
Pp(maxy = (5.01 V—1.92 V)(4.09 mA) = (3.09 V)(4.09 mA) = 12.6 mW
At T=55°C for minimum fpc:
Ppmaxy = (7.32 V- 0.839 V)(1.78 mA) = (6.48 V)(1.78 mA) =11.5 mW
For maximum beta values, the results are comparable and nowhere near the maximum.
Pp(max) = 625 mW — (5.0 m/°C)(30°C) = 475 mW
No ratings are exceeded.

40. For the data sheet of Figure 5-51 in the textbook:
(a) For a 2N2222A, Icmax) = 800 mA continuous
(b) For a 2N2118, Vggmax) = S.0 V for reverse breakdown or Vggmax) = 2.6 V for saturation

41.  Fora2N2222 @ T= 100°C:
Pogmary = 0.8 W — (4.57 mW/°C)(100°C — 25°C) = 0.8 W — 343 mW =457 mW

42, If Ic changes from 1 mA to 500 mA in a 2N2219, the percentage change in fpc is

ABpc = (30 "50)100% =-40%
Advanced Problems i
43. See Figure 5-4.
R, R,
Ro= Ve ey _15V=5V _, 0 Wk > 2k0
Ieg 5mA
Assume fpc = 100. (‘ 2N3903
ICQ 5mA
Ing= —2 =2 =50 uA
Boc 100 =
Ry= Vec —Vae _15V-07V — 286 kO Figure 5-4
Ig 50 uA
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w

+12V
44. See Figure 5-5.
Assume Spc = 200.

I
Io= feq _10mA =50 uA 820 kQ

Poc 200
Let R = 1.0 kQ

_ 12V (50 pAY(10kQ) =07V _ 113V _ . o
10mA 10mA =
_12V-(-12V+113V+4V) _ 8TV __ o0 12k

R =
¢ 10 mA 10 mA
870 Q and 1.13 kQ are not standard values. Rc = 820 Q and
R =1.2kQ give Icq = 9.38 mA, Vegg = 5.05 mA. -12v

2N3904
1kQ

Rg

Figure 5-5

45. See Figure 5-6.
Pocminy = 70. Let Rg = 1.0 kQ.
Ve=IkRg=15mA(1.0kQ)=15V
Vg=15V+07V=22V
Vec ~Vepq—Ve _9V-15V-3V
Ieq ~ 15mA
Vee B LAY
Icmmy =L SMA-15mA
Asssuming fpcRg>>R,,

B _88Y 3509

R, 22V
R, =3.09R,
Ry +Ry=R, +3.09R, = 2.57 kQ
4.09R, =2.57 kQ

_ 257kQ

RC= =3kQ

R] + R2 = =2.57 kQ min

2 =628 Q

So, R, = 620 and R, = 1.92 kQ = 2 kQ.
From this, ? Ry Re
2kQ 3kQ

RIN(base) = 70(10 kQ) =70 kQ>> R2

so, V= [ 8202
2.62kQ ) .

Ve=213V—-07V=143V & a ke
1.43V

Jeozlp= -2 =143 mA

QEET 10K

Veso=9V — (143 mA)(1.0kQ + 3 kQ)=3.28'V

)9V= 213V 2304

Figure 5-6
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46.

47.

48.

49.

50.

See Figure 5-7.

ﬂDC =75.
10mA +5V
o= ——— =133 pA ?
B s a -
Rc= Ve Vg _ 3VZ15V =350 Q (use 360 Q) Ry Re
Ieq 10mA 6.2kQ 360 Q
Ry= Vg =07V _155V-07V _ . o (use 6.2 kO)
Ing 133 uA 2N2222
Iq= SV=07V__ 971 ma L
360 Q+6.2kQ/75 =
Veeg=Ve =5V —(9.71 mA)(360 Q) = 1.50 V Figure 5-7

The 2N3904 in textbook Figure 5-49 can be replaced with a 2N2222 and maintain the same
voltage range from 45°C to 55°C because the voltage-divider circuit is essentially 4
independent and the fpc parameters of the two transistors are comparable.

For the 2N2222 using the data sheet of Figure 5-51 and Figure 5-52
atIc=150mA and Veg=1.0 V:

At T'=—-55°C, hpgminy = (0.45)(50) = 22.5

At T=25°C, hgminy = (0.63)(50) = 31.5

At T'=175°C, hrgmin) = (0.53)(50) = 26.6

If the ADC loading of the temperature conversion circuit changes from 100 kQ to 10 kQ, the
Q-point will have a reduced Vcgq because the current through Rc will consist of the same /-
and a larger ;.. Icq is unaffected in the sense that the transistor collector current is the same,
although the collector resistance current is larger. The transistor saturates sooner so that
lower temperatures do not register as well, if at all.

It is not feasible to operate the circuit from a 5.1 V dc supply and maintain the same range of
output voltages because the output voltage at 54°C is 7.06 V.

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 51 through 56 are available in the
Solutions folder for Chapter 5 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

51.
52.
53.
54.
SS.
56.

Rc open

Rp open

R, open
Collector-emitter shorted
Rc shorted

Base-emitter open
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Chapter 6
BJT Amplifiers

Section 6-1 Amplifier Operation

1. Approximately 1 mA

2. From the graph of Figure 6-4, the highest value of dc collector current is about 6 mA.

Section 6-2 Transistor AC Equivalent Circuits

, _25mV _25mV

v = =8330
I, 3mA

4 Pu=hp=200

5. Ioc=focls=130(10 gA) = 1.3 mA

L=de J1OMA g
apc 0.9
g BmV_ 2smVo_ o0
I, 13lmA
6. fro=lc=2MA_q33
I, 15uA
o= Ao _035mA
A, 3uA

Section 6-3 The Common-Emitter Amplifier

7. See Figure 6-1. +15V

§ 2kQ 22kQ

§ 47kQ 1kQ

dc equivalent

Figure 6-1

46
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8.

10.

11.

12.

4.7kQ
@ = ——7-——
4.7kQ+22kQ
Ve=2.64V-07V=194V

=122V g oama
1.0kQ

JIS V=264V

=129Q

o 25mV _ 25mV
T I, 194mA
Rinpasey = P72+ Rg) = 100(1012.9 Q) = 101 kQ

(6) Rin = Rinpasey | B | R, =101kQ || 22kQ 47kQ =3.73 kQ

R. _ 22kQ
Ry+r 1202Q

() 4,= =2.17

(a) Rin(base) = ﬂacre' = 100(129 Q) =1.29 kQ
=968 Q

in

© 4, Rc 22kQ
r o 129Q

e

=171

(a) Rin(base) = ﬂac e = 100(12 9 Q) 1.29 kQ

(b) Ry=129kQ | 22kQ | 47kQ =968 Q
© A- R _R| R, _22kQ[10kQ _ 140
r r 129Q

e e

() VB=( B | Pochs chc=[ 12k 7500k JISV =325V

R+R, | BocR: 47kQ+12kQ | 75(1.0kQ)
(b) Ve=Vs—0.7V=255V
© L= 2225V _)s5ma
R, 1.0kQ

) Ic=I;=2.55mA
(C) VC = VCC - IcRC =18V - (2.55 mA)(3.3 kQ) =959V
() Veg=Ve—Ve=9.59V 255V ="7.04V

From Problem 11, Iz = 2.55 mA
25mV 25mV
(a) Rin(base) ﬂac e = ﬂ ( ] - 70(

I 2.55mA
(b) Rw= R, “ R, | Riousey = 47K 12K 686 Q = 640 ©

© 4, RC||R _33kQ|10kO
9.8Q

)=686Q

=253

() 4= B =e70
(e) 4,=4,4;=(253)(70) = 17,710
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13. V= R, v, = __td0Q 12
R, + R, 640 Q+600 Q

Attenuation of the input network is

R, |_[_ 6400 0516
R,+R, ) |640Q+600Q

A, =0.5164, =0.516(253) =131
0= 180°

14. V= [ Ra | Aocks
R +R, ” BocRe
L= Ve—0.7V _ 147V-0.7V —77mA
R 100 Q

poBmV_25mV 00
I, 77mA

12kQ+3.3kQ | 150(100 Q)

3.3kQ (1500100 Q
] cc=[ " ( ) J8V=1.47V

3300 _
'100Q+325Q

15. Maximum gain is at R, =0 Q.
RIN(base) = ﬂDCRE = 150(100 Q) =15 kQ
3.3kQ | 15kQ)
8V =147V

VB — RZ ” R]N(base) V.. =
€ 12kQ+3.3kQ| 15kQ)

Rl + RZ “ RIN(base)
147V-0.7V =77 mA

= VB —VBE —
a -

R; 100 Q
p=21Y _3550

7.7mA
R 330Q | 600Q

Aymary = Re| &, = " =65.5

! 325Q

e

Minimum gain is at R, = 100 Q.
W _R|R _21290
T R +r 103250
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|

16.  Ru= R | R, | Buri=33kQ[ 12kQ | 1503.25 Q) =410 Q
Attenuation of the input network is

Ry 410Q =0.5777

R +R_ 410Q+300 0

4 R _300[L0k2
. 3.25Q

e

A, =0.57774, =0.5777(76.3) = 44

17. See Figure 6-2. ===

p=2MV _g50 R,
2.55mA 1009
R.2 107,
Set R, =100 Q.
The gain is reduced to 900 Q C
A= R.  33kQ ~130.1 I

R +r 1098Q = =

Section 6-4 The Common-Collector Amplifier

18. V= [ % ]Vcc =( 47 l;%jS.SV =176 V

R +R, 14.7
L= -07V _176V-07V _ L06 mA
R 1.0kQ
p=2V 360
1.06 mA
A4,= Re _ 1.0ka =0.977
R, +7, 1.0kQ+23.6Q
9. R.=R, l Ry | Bl + Re)= R | R | ocRe =10k | 47K | 100kQ = 3.1 kQ
VOUT=VB—O.7V= R2 VCC—07V=(4.7kQ)5.5V -07V=1.06V
\+R, 14.7kQ
. R
20. The voltage gain is reduced because 4, = .
+r

e e
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21. VB=( Ry ]VCC=(4'7kQ)5.5V=1.76V

R +R, 14.7kQ
po Vot LT6V-07V _ o0
R, 1.0kQ

25mV _ 25mV

r = - =2360
I,  106mA
_ R R
r,+ Ry ” R,

Av(re""RE I RL)=RE | R,
Ry ” R, _AV(RE " RL): A,
(RE ” RLxl—Av)‘_‘ A,
! 0.9(23.6 Q
(RE ” RL)= Avre — ( )
1-4) 1-0.9
R R =212.4R; +212.4Rg
RRg —212.4R; =212.4Rg
2124R;  (212.4Q)(1000 Q) -2
R -2124 T 1000 Q2124 Q

=2124Q

70 Q

L=

22. (a) Va=10V

V31=( R, JVcc =(%]10V =4V

R +R, 55kQ
Vei=Vp1—07V=4V-0.7V=33V
Veo=10V
V132= VEI =33V

VEZ=VBZ—O.7V=3.3V—O.7V=2.6V

(®) Boc = PociPocz = (150)(100) = 15,000

©) Im= Y ___33V =22 uA
PocRe  (100(1.5kQ)
o o= 25mV _ 25mV ~ 114 KO
I, 22 uA
-[E2= @:2.6—\, =1.73mA
Ry 15kQ
;o 25mV _ 25mV — 1450

r =
27 I, 173mV

(d) Rin = R] “ R2 ” Rin(basel)
Rin(basel) = ﬂaclﬂaczRE = (150)(100)(1.5 kQ) = 22.5 MQ
R, =33kQ| 22kQ| 22.5MQ =13.2 kQ
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W

23, Rigase = BuerBuccRe = (150)(100)(1.5 kQ) = 22.5 MQ
R.= R, {| R, || Rugousey = 22K 33kQ| 22.5MQ =132kQ

L=Yn o 1V _758,
R, 13.2kQ
V.
Iin(basel) = = 1V = 444 nA

Roeey  22.5MQ
Ie = ﬂaclﬂaczlin(basel) = (150)(100)(444 nA) =667 /'IA
I, 667 uA _

I __ e

I, 758 uA

n

Section 6-5 The Common-Base Amplifier

24, The main disadvantage of a common-base amplifier is low input impedance. Another
disadvantage is unity current gain.

5. V= |22 VCC—VBE=(19—1‘9)24V-0.7V=6.8V
R +R, 32kQ

Ig= 63V _ 10.97 mA
620 Q

,_25mV _ 25mA

Rin(emitter) =r,= = =2.28Q
I 10.97 mA
= E_C____I.ZkQ — 526
r,  228Q
Ai =1
A,=4;4,=526
26. (a) Common-base (b) Common-emitter (©) Common-collector

Section 6-6 Multistage Amplifiers
27. A =AuA, = (20)(20) = 400

28. A4 =10dB +10dB + 10 dB =30 dB
20 log 4, =30dB

log 4, = 30 1.5
20

A =316
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29.  (a) VE[ R, ]VCC—VBE=(LkQ——-)15V —07V=229V

R, +R, 33kQ+8.2kQ
R, 1.0kQ

r' 25mV _ 25mV
¢ I 2.29mA

Ruey= Ry | R || B,.ri = 82kQ|33kQ [ 175(10.9Q) = 1.48kQ

_ Re|Rue 33KkQ|148kQ
rn 1090

Rc _33kQ

v 10.9Q

=109Q

I

93.6

Avl

A, = =302

(b) A =Aud,=(93.6)(302) = 28,267
(©) Ayias) = 20 log(93.6) = 39.4 dB
Ayas) = 20 log(302) = 49.6 dB
A 4z 20 10g(28,267) = 89.0 dB

Re | Ruoy 33kQ[148kQ
P 109Q

e R | R, _3.3kQ||18kQ _ 585
72 Y 109Q

e

30. (@) Au= 93.6

() Ry = R, | R, || 7 = 33kQ || 8.2kQ[ 175(10.9Q) = 1.48kQ
Attenuation of the input network is
R,
in(1) _ 148 kQ _ 0.95
Ryq +R, 148kQ+75Q
A4; = (0.95)4,14,, = (0.95)(93.6)(255) = 22,675

(©) Ay = 20 log(93.6) = 39.4 dB
Av2(dB) =20 lOg(255) =48.1 dB
A ) =20 10g(22,675) = 87.1 dB

3. Vg = [ Ry ]VCC =(%)12V =216V

R +R, 122kQ

VEI = VBl—O.7V=1.46V

I =gy = Yo 14OV (agimA
R, 47kQ

Ver=Vee — IR =12V = (0.311 mA)(22 kQ) = 5.16 V
VBZ = VCl =516V
VEZ= VBZ—O.7V=5.16V—0.7V=4.46V



Iy =1 = KE—Z = 446V = (0.446 mA
R, 10kQ
Ves = Ve — IcoRs = 12 V — (0.446 mA)(10 kQ) = 7.54 V
po=2mV_ 25mV g
I,  0446mA
Riy= Pocts, = (125)(56 Q) =7 kQ
Ty = 25mv __25mV =804 Q

Iy 031lmA

R | Ruey _ 22kQ 7KO
r 80.4kQ)

R, _10kQ

Avl =

=66

Ap=—==——=179
r, 56Q

A = A4, = (66)(179) = 11,814
32.  (a) 20 log(12) =21.6 dB
(b) 20 log(50) = 34.0 dB

(c) 20 log(100) = 40.0 dB
(d) 20 log(2500) = 68.0 dB

33. (a) 20 log(%J =3dB
1

log 143 =i =0.15
Vi) 20

o 141 145 =2
4 s
|- £
(d) 20 1log 7= 20 dB (b) 201og 7 =40 dB
1 1

log ..Ifz_ =g.9 = 1 ﬁ _ﬂ =
v )20 v )" 20

K 10 5 =100

v 7
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(c) 201log Uﬁ

1
.
log | %
g(n)

4 =3.16

1

J—lOdB

10 =05
20
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Section 6-7 Troubleshooting

34.

V= R 10V—0.7V=(wJIOV -0.7V=105V
57kQ

R +R,
e 105V s mA
R, 1.0kQ

Ve=10V - (1.05 mA)(4.7kQ)=5.07 V
Vep =507V —1.05V =402V

" Ve _ 402V s esi0
I, 1.05mA
With C, shorted:

Riney = R || BocRs =10kQ | 125(1.0kQ) =9.26 kQ
Looking from the collector of O;:
(it +R,) | Ry = (3.83kQ+1.0kQ)] 926 kQ =3.17kQ

_( 3.17kQ
Cl1 —

10V =403V
3.17kQ+4.7kQ

O, isin cutoff. Ic=0A,s0 Ve, =10V.

(a) Reduced gain

(b) No output signal

(c) Reduced gain

(d) Bias levels of first stage will change. Ic will increase and Q; will go into saturation.
(e) No signal at the Q; collector

(f) Signal at the Q, base. No output signal.

r, =109 Q R, =1.48kQ
4,1=93.6 A,,=302

Input ov 25 pA
0, base 299V 20.8 uv
0, emitter 229V ov

O collector 7.44V 1.95 mV
0, base 299V 1.95 mV
0O, emitter 229V ov

0, collector 744V 589 mV
Output ov 589 mV
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System Application Problems

38.

39.

For the block diagram of textbook Figure 6-40 with no output from the power amplifier or
preamplifier and only one faulty block, the power amplifier must be ok because the fault must

be one that affects the preamplifier's output prior to the power amplifier. Check the input to
the preamplifier.

For the circuit of textbook Figure 6-53, the dc and ac operating parameters are

Vo= | 2529y — (0.18190 V=163 V
83kQ

Ve=1.63V-07V=093V

I = 927 A
Y = 25mV —270
927 pA
Ay = 22kQ 81.5 unloaded
27 Q
22kO || (200)(1.22kQ)
B2 = 9V=0.81V
100kQ + 22kQ [ (200)(1.22kQ)
0.81V
= ——— =665 uA
27 122kQ a
p=2MV 360
665 uA
Aoy = __ATke 18.2 unloaded
2200Q+37.6 Q

Zuy = 100kQ || 22 kQ2|| (200)(288 Q) = 13.7 kQ
So, the loaded gain of Q, is equal to

13.7kQ
13.7kQ+2.2kQ

= 0.862 of the unloaded gain

(a) With C, open, the input circuit is developed in Figure 6-3.
From this,
A, = Re
R, “ (’}""(Rl " R2)/ﬂac)

= 2.2kQ =27.1 unloaded
L0kQ || (27 Q-+ (68kQ2 || 15Kk€)/200)

E e B E ' B
Vin Vin

Ry R,/Bac R,/Bac Ry RiIR,/Bac

Figure 6-3
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40.

41.

The loading factor is unchanged and stage 2 is unaffected so the overall ac gain is
A, =(0.862)(27.1)(18.2) = 425

Vourzy = 2 mV(425) = 850 mV rms

Veey =9V — (4.7 kQ)(665 nA) =5.87 V dc

(b) If C, is open, no input is applied so
Vgut(z) =0V
Vc(z) =587V

(c) If C; is open, no signal is coupled to Q.
Voury =0V
VC(Z) =587V

(d) If C, is open, the gain of stage 2 changes to

_ R, _ 4.7kQ _
Ay +Ry+R,  37.6Q+220 Q+1.0kQ
Vourzy = (2 mV)(27.1)(3.74) = 203 mV rms

Vc(z) = 5.87 V

3.74

v

(e) Ifthe O, collector is internally open, no signal reaches the base of Q,.
Vour=0V
Vc(z) =587V

(f) Ifthe O, emitter is shorted to ground, the transistor saturates.
Vour=0V
VC(Z) = 0 \Y%

100 kQ + 220 kQ || (200)(1.22kQ)

Ve=483V-0.7V=4.13V
413V

220kQ | (200)(1.22kQ)
Vip = 9V=483V

=Y =333mA
1.22kQ

p=2mV 5390
338mA

Vey=9V —-(4.7kQ)(3.38mA)=-69V
The transistor is saturated, so V,,=0 V.
_ ( 1.22kQ
ce) =

Sl gV =185V
5.921(9)

(a) @, isin cutoff.
®) Ver=9V
(¢) Ve is unchanged and at 5.87 V
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Data Sheet Problems

42. From the data sheet in textbook Appendix C:
(a) for a 2N3947, ﬁac(min) = hfg(mju) =100

(b) For a 2N3947, 7, cannot be determined since /emin is not given.

(c) Fora2N3947, rc'(min) cannot be determined since A,(min) is not given.

43. From the 2N3947 data sheet in Appendix C:
(a) For a 2N3947, Bicmaxy = 700

4
(b) Fora2N39047, 71, = 1 - 20X107
hoe 50 ,US

h,+1 20x107 +1
h,, 50 uS

40 Q

=20 kQ

(c) For a2N3947, 7 ya =

44, For maximum current gain, a 2N3947 should be used.

45. In the circuit of textbook Figure 6-53, a leaky coupling capacitor would affect the biasing of
the transistors, attenuate the ac signal, and decrease the frequency response.

46. See Figure 6-4.

—0 Vou
o - . QZ
Ry Rs Rg Rg Ry
2.2kQ 100 kQ 22 kQ 220Q 4.7kQ

68 kQ 2.2kQ 100 kQ 4.7kQ
)] ()
R, R4 R6 R8
15kQ 1kQ 22kQ 220Q
Ry
= = = 1kQ

DC equivalent circuit

Figure 6-4
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47.

48.

See Figure 6-5.

% Ry R, Ry R;
68 kQ 2.2kQ 100 kQ 4.7kQ

Figure 6-5

R > (100)(330 Q) =33 kQ
To prevent cutoff, V- must be no greater than
12V -(100)(1.414)25 mV)=8.46 V
In addition, V- must fall no lower than 8.46 V — 3.54 V=493 V to prevent saturation.
Rc=100(R; +7)
, 25mV
v, =
e IE
12V —-IR:=846V
IcRC = 354 \Y%
I.(100(R; + 7)) =3.54V

10[100[330 Q+ 251va =354V

C
B3k +2.5V=3.54V
Ic=314 uA

. 2smY
© T 314uA

Re=100(330 Q + 797 Q) = 113 kQ

Let Rc = 120 kQ.

Ve=12V - (314 uA)(120 kQ) =8.23 V

Ve =823 V—354V=469V

Reqoy 469V

"R, 131V

Rggoy = (0.642)(120 kQ) =77 kQ. Let R = 68 kQ.

Ve=(31.4 uA)68 kQ)=2.14 V

Ve=214V+07V =284V

B _Z¥V o310

R 916V

R,=0.310R,. If R, =20kQ, R, =6.2kQ.
The amplifier circuit is shown in Figure 6-6.

=797 Q

n
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The amplifier circuit is shown in Figure 6-6.
012V

From the design:
B = (266’221;(%)12V =284V éRl % Re
VE=2.14V 20kQ 120kQ " .
2.14V
Ie=l= =313 uA )
CTE 683KQ #
p =220V 5980 R,
31.3 uA :
y= ——EO—kQ— =106 or 40.5 dB = 68kQ
795 Q+330 Q
Ve=12V - (31.3 uA)(120 kQ) =824 V
Figure 6-6

The design is a close fit.

(o)) C,
IN2222 | pF

49. See Figure 6-7.
R;, = 120kQ | 120 kQ || (100)(5.1kQ) = 53.6 kQ minimum
o -10V

010V
% %Rl
120 kQ

120kQ
1uF

\| ) & G
&/ 2N3904 I
Ry

[{
R, I
120kQ fRE 120 kQ fRE
5.1kQ

5.1kQ

Figure 6-7 Figure 6-8

50. See Figure 6-8.

51. See Figure 6-9.
6V=07V__ _ioma ¢ 0 c
2N3904 | 2
I

Ic= =
510 Q+2kQ/100
{

_BmV 50
Rg c
Ry G 180Q

r
¢ 10mA
4= 180Q 510Q
2kQ
I 6V

250
This is reasonably close (*3.3% off) and can v

be made closer by putting a 7.5 Q resistor in
series with the 180 Q collector resistor.
Figure 6-9
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52. The cutoff frequency of C; is
1

27(10 1F)(22 kQ+(100kQ || 22kQ| (200)(220 Q +33 )

The cutoff frequency of C, is
1
27(10 pF)(1.0kQ || 27 Q)
C, must be increased to
1

27(10 Hz)(1.0kQ || 27 Q)

=0.45Hz

=606 Hz

=606 uF (nearest standard value is 680 uF)

53. IC EIE

= ...R_C_ =~ RC ~ RC — RCIC —_ VRC =
4, = = = = 40V,
r,  25mV/I; 25mV/. 25mV 25mV ¢

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 54 through 59 are available in the
Solutions folder for Chapter 6 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

54. C, open

55. C, shorted

56. Rg leaky
57. C, open
58. C, open
59. C; open
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Chapter 7
Field-Effect Transistors (FETSs)

Section 7-1 The JFET

1. (a) A greater Vs narrows the depletion region.
®) The channel resistance increases with increased Vgs.
2. The gate-to-source voltage of an n-channel JFET must be zero or negative in order to

maintain the required reverse-bias condition.

3. See Figure 7-1.
D D
G G
S S
n-channel p-channel
Figure 7-1
4. See Figure 7-2.
+Vop

Section 7-2 JFET Characteristics and Parameters
5. Vps = Vp =5V at point where I, becomes constant.

6. VGS(off) = —'Vp =-6V
The device is on, because Vgs=-2 V.

7. By definition, Ip = Ipss when Vs =0V for values of Vpg > Vp.
Therefore, Ip = 10 mA.

8. Since VGS > VGS(off), the JFET is off and ID =0A.
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Ve =—Vgspm=—(-4V)=4V
The voltmeter reads Vps. As Vpp is increased, Vpg also increases. The point at which I
reaches a constant value is Vps=Vp=4V.

GS(off)
Ip = 5mA 1—ﬂ
-8V
In=5mAl -V
-8V
Ip= 5mA| 1_ﬂ
-8V
In=5mA 23V
-8V
I = 5mAl 1_ﬂ
-8V
Iy=5mA -2V
-8V
Iy = 5mAl 1_ﬂ
-8V
Iy= 5mA 1_2'_.71
-8V
In= 5mA 28V
-8V
See Figure 7-3.

2

2

2

2

2

2

2

2

2

2

=5mA

=3.83mA

=2.81 mA

=1.95mA

=1.25mA

=0.703 mA

=0.313mA

=0.078 mA

=0mA

-Vas(V)

Figure 7-3




11.

12.

13.

14.

15.

Chapter 7

2
1
Ip= Ipg|1-—58
VGS(oft)

1____VGL= __1_12_

VGS(off) Ipgs

Vas =1- I_D

VGS(oft) Inss

Vs = Vascott) (1 - ’—-I—D—~]
IDSS

Vos=-8V|1- f2‘25 MA | g V(0.320)=-2.63 V
SmA

Yas 123200 4 1- "2V | ~ 1600 18
Vs -8V

Em = ng 1-

Yos |2 2000 s 1- 22V | = 1429 1
VGS(oft) =7V

Vi = 8m=1429 1S

8m = ng 1-

Ryv=Jos ~ 10V 5000 Mo
Igss  SnA

VGS

GS(off)

2
Ves=0V: 1D=1DSS(1- J =8mA(l - 0)’ =8 mA

2
Vos=-1V: In=8 mA(l —% =8 mA(l - 0.2)> =8 mA(0.8)> =5.12 mA

2
Vos=-2V: Ip= 8mA(1 —% =8 mA(l — 0.4)> = 8 mA(0.6)* = 2.88 mA

2
Ves=-3V: Iy= 8mA(1—:% =8mA(l - 0.6)’ = 8 mA(0.4) = 1.28 mA

2
Vos=-4V: Ip= 8mA(1—Z% =8mA(l - 0.8’ =8 mA(0.2)’ = 0.320 mA

2
Vos=-5V: In= 8mA(1———§——Y- =8mA(l - 1)*=8 mA(0)* =0 mA

Section 7-3 JFET Biasing

16.  Vos=-IpRs=—(12mA)(100 Q)=-12V
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-

17.

o= |Yas| -4V| _
I,| |5mA]

-3V |
2.5mA|

800

=1.2kQ

RS _ VGS
ID

(a) ID = IDSS =20 mA
(b) h=0A
(c) Ip increases

@) Vs=(1mA)(1.0kQ)=1V (b)
V=12V - (1 mA)4.7kQ) =73V
VG=0V
VGS=VG—VS=OV—1V=—1V
VDS=7.3V—1V=6.3V

(©) Vs=(-3mA)470 Q)=-1.41V
Vo=-15V-(3mA)22kQ)=-84V
VG =0V
VGS = VG - Vs =0V- (—141 V) =141V
Vps=-84V—-(-141V)=-699V

From the graph, Vgg=-2 V at I = 9.5 mA.

Vs=(5mA)(100 Q) = 0.5V
V=9V —(5mA)470 Q) = 6.65 V
VG=0V
Vos=Vs—Vs=0V-05V=-05V
Vps=6.65V-05V=615V

Re=|Yos| .| =2V | _a110
I 9.5mA
o foss _14mA
2 2
_Josen 10V, a1y
3414 3414
Since Vg=0V, V= V5.
= % _293V 419 Q (The nearest standard value is 430 Q.)
D
Rp= Vop =Vp _24V-12V 1.7 KQ (The nearest standard value is 1.8 kQ.)
I, 7 mA 24V
Select Rg = 1.0 MQ. See Figure 7-4.
Rp
1.8kQ
Rg Rs
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23.

24,

25.

26.

217.

Ringouy = Rg || Rw
-10V

Tsss B ‘m

oy = 10MQ || 500 MQ = 9.8 MQ

Rn= Yos =500 MQ

ForIr =0

Vs =—IpRs=(0)(330Q)=0V

For ID =IDSS =5mA

Vss =—IpRs =—(5 mA)(330 Q)=-1.65V

From the graph in Figure 7-61 in the textbook, the Q-point is
Vos=—0.95Vand Ip =2.9 mA

For I =0,

VGS =0V

For ID = IDSS =10 mA,

Vaos =—IpRs = (10 mA)(390 Q) =39V

From the graph in Figure 7-62 in the textbook, the Q-point is
Vos=2.1Vand Ip =53 mA

Since V =9V -5V=4V

V,

B AV o g5ma
R, 4.7kQ
Vs=IpRs=(0.85mA)(3.3kQ)=2.81V
Vo= L Vop =(w)9V =1.62V

R +R, 12.2MQ

VGS = VG - Vs =1.62V-281V=-119V
Q-point: In=0.85mA, Vgs=-1.19V

D=

For I, =0

VGS = VG = ( R2 ]VDD = (2.2 MQ)IZV =48V
R +R, 5.5MQ

For VGS=OV, VS=4.8 A\

Vs Vo-Vas| 48V

R, Ry 33kQ

The Q-point is taken from the graph in Figure 7-64 in the textbook.
In=19mA, Vgs=-15V

Ip =145mA

Section 7-4 The MOSFET

28.

See Figure 7-5.

B B B B

n-channel D-MOSFET p-channel D-MOSFET n-channel E-MOSFET  p-channel E-MOSFET

Figure 7-5
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29.

30.

31.

An n-channel D-MOSFET with a positive Vg is operating in the enhancement mode.

An E-MOSFET has no physical channel or depletion mode. A D-MOSFET has a physical
channel and can be operated in either depletion or enhancement modes.

MOSFETs have a very high input resistance because the gate is insulated from the channel by
an SiO, layer.

Section 7-5 MOSFET Characteristics and Parameters

32.

(@)

(b

©

n channel
V. ’ 5V
Ip= I 1-—S8 Ih=8mAll-——| =0mA
2
ID=8mAl—ﬂ =0.32 mA 1rD=8mA1—ﬂ =1.28 mA
-5V -5V
2
1rD=8mA1—ﬂ =2.88 mA 1D=8mA1—ﬁ =512 mA
-5V -5V
V 2
ID=8mA1—O— =8 mA ID=8mA1———1—V— =11.5mA
-5V -5V
2
ID=8mA(1——ﬂ =15.7 mA ID=8mA1—iY— =20.5 mA
-5V -5V
2
]D=8m_A{1—4—V =25.9 mA =28 1—i =32 mA
-5V -5V
See Figure 7-6.
Ip(mA)
32
24
16 //’
/|
8 <
]
-4/ 2 0 2 4 Yas™)
Figure 7-6
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2
33. 1D=1DSS(1— Vos }

Vascof
Ipss = I 5= 3 mZAV > = 4.69 mA
(1 . V_J (1 _ ;_j
VGS(oft) -10V
I
4. K= Dlon) 0mA 515 may?

(Vas — VGS(th))2 C(-12V+3Vy
In=K(Vss — Vasem): = (0.12 mA/V2)(=6 V + 3 V)’ = 1.08 mA

Section 7-6 MOSFET Biasing

35. (a) Depletion
(b) Enhancement
(c) Zero bias
(d) Depletion

36. (@) Vos= 10MQ 10V=68V This MOSFET is on.
14.7MQ
®) Vos= [lli)l\l\fgj (-25V)=-227V This MOSFET is off.

37. Since Vgs =0V for each circuit, Ip = Ipgs = 8 mA.
(@) Vos=Vop—IpRp=12V - (8 mA)(1.0kQ)=4V
(b) Vps=Vpp—IpRp=15V - (8 mA)(1.2kQ)=54V
(¢) Vps=Vpp—IpRp=-9V — (-8 mA)(560 Q)=-4.52 V

38. (a) [D(on) =3mA @ 4 Va VGS(th) =2V

A VDD=(MJIOV —32V
R +R, 14.7MQ

- I D(on) _ 3mA _ 3mA
Vas —Voswy): @V-2V)"  (@2V)

In=K(Vss — Vasan)’ = (0.75 mA/V?)(3.2 V -2 V)> = 1.08 mA
Vos = Voo —IpRp =10V — (1.08 mA)(1.0 kQ) =10 V- 1.08 V=8.92 V

=0.75 mA/V?

(b) ID(on) =2mA @ 4 V, VGS(th) =15V
VGS= R2 VDD =(10MQ)5V =25V
R +R, 20 MQ
K= Toon _ 2mA _ 2mA
Vos —Vasay): BV-15V)*  (1.5V)?
In=K(Vss — Vosay) = (0.89 mA/V?)(2.5 V - 1.5 V)’ = 0.89 mA
Vos = Voo —IpRp =5V — (0.89 mA)(1.5kQ)=5V -1.34V=3.66 V

=0.89 mA/V?
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39.

40.

@ Vps=Vss=5V
Vop Vs 12V-5V

= =3.18 mA
R, 22O
(b) VDS = VGS =32V
pp="ooVos _8V=32V _ 4454

R, 47kQ

VDS = VDD - IDRD =15V - (1 mA)(82 kQ) =68V
Vs = Vs — IR = 6.8 V — (50 pA)(22 MQ) = 6.799 V

Section 7-7 Troubleshooting

41.

42,

When I, goes to zero, the possible faults are:
Rp or Rs open, JFET drain-to-source open, no supply voltage, or ground connection open.

If I goes to 16 mA, the possible faults are:
The JFET is shorted from drain-to-source or Vpp has increased.

If Vpp is changed to —20 V, I, will change very little or none because the device is operating
in the constant-current region of the characteristic curve.

The device is off. The gate bias voltage must be less than Vgsm). The gate could be shorted
or partially shorted to ground.

The device is saturated, so there is very little voltage from drain-to-source. This indicates
that Vgs is too high. The 1.0 MQ bias resistor is probably open.

System Application Problems

46. With the 100 uF capacitor open, power supply noise or ripple could affect the sensor outputs,
producing false readings and alarms.

47. From the graph in textbook Figure 7-53:
For pH =5, Vour =300 mV
For pH =9, Vouyr = -400 mV

48. A possible problem is that the voltmeter has an input resistance of 1 MQ instead of 10 MQ
and is loading the sensor output.

49. Vour=15V-29mA)(1kQ)15V-29V=121V

Data Sheet Problems

50. The 2N5457 is an n-channel JFET.
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51. From the data sheet in textbook Figure 7-14:
(a) For a 2N5457, Vs = —0.5 V minimum
b) For a 2N5457, Vpsmaxy =25V
(c) For a 2N5458 @ 25°C, Ppgmax) = 310 mW
(d For a 2N5459, Vgsgevy = —25 V maximum
52. Ppmaxy = 310 mW — (2.82 mW/°C)(65°C — 25°C) =310 mW — 113 mW =197 mW
53. Emo(min) = Vi = 2000 £S
54. Typical Ip = Ipss =9 mA
55. From the data sheet in textbook Figure 7-41:
Minimum VGS(th) =1V
56. For a 2N7008 with Vgs= 10 V, Ip =500 mA
57. From the data sheet graph in textbook Figure 7-52:
At VGS=+3 V,ID§13mA
At Vss=-2V, I =04 mA
58. Vi = 1500 uS at f=1kHz and at f= 1 MHz for both the 2N3796 and 2N3797.
There is no change in yj; over the frequency range.
59. For a 2N3796, Vs = —3.0 V typical
Advanced Problems
60. For the circuit of textbook Figure 7-71:
V 2
ID = IDSS 1- GS where VGS = IDRS
GS(off)
From the 2N5457 data sheet:
IDSS(min) = 1.0 mA and VGS(oﬂ) =—-0.5 V minimum
I =66.3 uA
Vas = —(66.3 pA)(5.6 kQ)=-0.371V
Vps=12V —(66.3 uA)(10kQ+5.6kQ)=11.0 V
61. For the circuit of textbook Figure 7-72:

_(33kQ
< 133kQ
From the equation,

)9 V =(0.248)(9 V) =2.23 V

2

ID = ]DSS(A] where VGS = VG - IDRS
1= Vs

Ip is maximum for Ipssmax) and Vs max, so that

IDSS =16 mA and VGS(oﬁ) =-8.0V

I =3.58 mA

Ves =223V — (3.58mA)(1.8kQ) =223V - 645V =-421V
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62.

63.

64.

From the 2N5457 data sheet:

IDSS(min) =1.0 mA and VGS(off) = —0.5 minimum
ID(min) = 66.3 /IA

Vosmaxy = 12V —(66.3 pA)(15.6 kQQ)=11.0 V
and

Ipssmaxy = 5.0 mA and Vg = —6.0 maximum
ID(max) =677 /JA

Vosminy = 12V — (677 pA)(15.6kQ) =14V

Vo = +300 mV
In=2.9mA)(1+ 0.3 V/5.0 V)’ = (2.9 mA)(1.06)* = 3.26 mA
Vps =15V —(3.26 mA)(2.76 kQ) =15V —8.99 V = +6.01 V

2
1 mA = I | 1- LPARs
VGS(off)

1 mA = 2.9mA(1—(—l—m—‘i“—)fgs--j2
05V

2
0.345 = (1 _(AmAR
—0.5V
0587 =1- %
—0.5V

0.413 = UMAR

—0.5V
Rs=2.06kQ
Use Rg = 2.2 kQ2.
Then Ip =963 pA
Vas = Vs = (963 uA)(2.2kQ) =2.19 V
So, Vp=2.19V+45V=662V

Ro= 2002V s 47k0
963 A
Use Rp = 2.4 kQ.

S0, Vps =9 V —(963 pA)(4.6 kQ) =4.57 V
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65.

Let Ip =20 mA.

Let Vs=2V.
2V

=100 Q
20 mA
For the 2N7008:

_ 1 D(on) _ 500 mA

S=

(Vasen — Vc,s(th))z S (10V-1V)?
Let Ip =20 mA.
20V

Ves—1V)P= ——— =324
(Vos ) ST mAN
VGS—1V=1.8V

VGS=2.8V

Vo=Vs+28V=48V
For the voltage divider:

K _T2V_
R, 48V
Let R, = 10 kQ.

R, = (1.5)(10 kQ) = 15 kQ

=6.17 mA/V?

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 66 through 74 are available in the

Solutions folder for Chapter 7 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

66.

67.

68.

69.

70.

71.

72.

73.

74.

Rg shorted

Rp shorted

R shorted

R, open
Drain-source open
Rp open

R, shorted
Drain-source shorted

R, shorted
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Chapter 8
FET Amplifiers

Section 8-1 FET Amplification

1. (a) Ip=gnVes=(6000 18)(10 mV) = 60 LA
(b) Ip =gV = (6000 £8)(150 mV) = 900 LA
©) Ip=gnVe = (6000 £4S)(0.6 V) = 3.6 mA
(d) Ip = gnV = (6000 z8)(1 V) = 6 mA

2. Av=ngd
Rd= i = __.__20_ =5.71 kKQ
g, 3500 uS
R A :((4.7kQ)(12kQ))4_2mS 142
Ry +7., 16.7kQ

4. Re= Ry |7, =47kQ[12kQ =338kQ
_ g,R, (42mS)(338kQ) _
I+g,R, 1+ (42mS)(1.0kQ)

s

Section 8-2 Common-Source Amplifiers

5. (a) N-channel D-MOSFET with zero-bias.
VGS =0V.
(b) P-channel JFET with self-bias.
Vss = —IpRs = (-3 mA)(330 Q) =-0.99 V
N-channel E-MOSFET with voltage-divider bias.

R 4.7kQ
¢) Vos=| —2— [Vpp =| ———= |12V =3.84V
© Ves (R1+R2J po (14.71@)

6. (@) V=0V, Vs=0V
Vo= Vop—IpRp =15V — (8 mA)(1.0kQ) =7 V

(b) V's=0V
Vs =-IpRp =—(3 mA)(330 Q) =-0.99 V
Vo=Vop—IpRp=-10 V- (-3 mA)(1.5kQ)=-55V

R
c) Vo= Z_ V., =
© s (R1+R2JDD

Vs=0V
Vo= Vop —IpRp =12V — (6 mA)(1.0 kQ) =6 V

( 4.7kQ

12V=3.84V
14.7 kQJ
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(a) n-channel D-MOSFET
(b) n-channel JFET
(c) p-channel E-MOSFET

From the curve in Figure 8-18(a) in the textbook:
Ly =3.9mA — 1.3 mA = 2.6 mA

From the curve in Figure 8-18(b) in the textbook:
Id@p)§6mA-—2mA=4mA

From the curve in Figure 8-18(c) in the textbook:
[d(pp)E 45mA-13mA=3.2mA

Vo= Vop — IpRp =12V — (2.83 mA)(1.5 kQ) =776 V
Vs=IoRs = (2.83 mA)(1.0 kQ) =2.83 V
Vos=Vo—Vs=776V-283 V=493V
Vos=Vo—Vs=0V-283V=-283V

A,=guRs= g, (R, | R,)=5000 uS(1.5kQ | 10kQ) = 6.52
Vopiou = (2.828)(50 mV)(6.52) = 920 mV

Av=ngd
R;=15kQ| 1.5kQ =750 Q

A, = (5000 4S)(750 Q) =3.75
Vou = AVin = (3.75)(50 mV) = 188 mV rms

(@) 4y=guRs= g,(Ry | R,)=3.8 mS(1.2kQ | 22kQ) =3.8 mS(1138 Q) = 4.32
(®) 4,=guRs= g,(Ry | R,)=5.5mS(2.2kQ | 10kQ) = 5.5 mS(1.8 k) = 9.92

See Figure 8-1. 415V
820Q
§ 820Q § 3BkQ
10 MQ 220Q 10 MQ
dc equivalent ac equivalent
Figure 8-1
1 15mA
I= B == =7.5mA
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16.  Vgs=(7.5mA)(220 Q)=1.65V
_ 2 2(5mA)
"™ Wasom 4V
gn=(7.5mS)(1 - 1.65 V/4 V) = 4.41 mS
g,R, _ (441mS)820Q[33kQ) (441mS)(657Q) _
Cl+g, R, 1+(441mS)220Q) 14097

=7.5mS

1.47

17.  A,=guRs= (441mS)(820Q | 3.3kQ | 4.7kQ) = (4.41 mS)(576 Q) = 2.54

Ings 9mA
b=
Vos = —IbRs=—(4.5 mA)(330 Q) =-149 V
VDS = VDD —ID(RD + Rs) =9V - (45 mA)(133 kQ) =3V

18. =45 mA

19.  A,=g.Ri= g,(R, | R,)=3700 uS(1.0kQ | 10kQ) = 3700 £S(909 Q) =3.36
Viu = AVin = (3.36)(10 mV) = 33.6 mV rms

20, Ves=|—2— . =( 6.8 ka2 )2ov =548V
R +R, 24.8kQ

_ ID(on) _ ].8 mA

" (Vos—Vosa)® (10V-25V)
In=K(Vgs — Vosay)® = 0.32 mA/VA(5.48 V - 2.5 V)’ = 2.84 mA
Vos = Vop — IpRp =20 V — (2.84 mA)(1.0 kQ) =17.2 V

=0.32 mA/V?

21. Ry =

=600 MQ

Vs l— 15V
Isss| 125nA
R, = 10 MQ| 600 MQ =9.84 MQ

22.  A,=g.R,= 48 mS(1.0kQ| 10MQ) =4.8
Vour = AV = 4.8(10 mV) =48 mV rms
ID = IDSS =15mA
Vp=24V - (15mA)1.0kQ)=9V

See Figure 8-2.
9.068 V +68 mV
VD /\ Vom /\
9V ov

8932V \/ -68 mV \/

Figure 8-2
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8. Ves=| -2, =(ﬂ)1gv =9V
R +R, 94kQ

_ ID(on) _ 8§ mA
Vos —Vosay)”  (12V-4V)?

Ineny = K(Vas — Vasan)’ = 0.125 mA/V* (9 V — 4 V)’ = 3.13 mA
Vs = Vop — IpRp = 18 V — (3.125 mA)(1.5 kQ) = 13.3 V

A, = gnRp =4500 £S(1.5 kQ)=6.75
Vas = A, Vi = 6.75(100 mV) = 675 mV rms

Section 8-3 Common-Drain Amplifiers

24.  R,=12kQ[10MQ =1.2kQ
_g.R (5500 uS)(1.2kQ)

v =

1+g,R, 1+(5500 uS)(1.2kQ)

_|=15V
Igss| |S0PA

Ry,=10 MQ” 3x10'"' Q =10 MQ

RIN = VGS

’=3XIO“Q

25.  R,=12kQ[10MQ =10 MQ
_ _g.R (3000 uS)(10MQ)

v =

1+g, R, 1+(3000 uS)(10MQ)

S

‘—ISV

RIN = VGS

50pA
R, = 10 MQ H 3x10"' Q =10 MQ

I GSS

‘=3><10”Q

26.  (a) R,=47kQ|47kQ =427kO
g R (3000 u8)(4.27kQ)

v

" 1+g,R, 1+(3000 1S)(4.27kQ)

s

(b) R,=1.0kQ|100Q =90.9 Q
g R (4300 48)(90.9Q)

" l+g,R 1+(4300 4S)(90.9Q)

27.  (a) Ry=4.7kQ|10kQ =32kQ
_g.R (3000 48)(3.2kQ)
1+g,R  1+(3000 uS)(3.2kQ)

(b) R;=100Q | 10kQ =99 Q
_ g.R (430048)(99Q) _
1+g,R,  1+(4300 £S)(99Q)

S

75

=0.125 mA/V?

=0.868

=0.928

=0.906
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Section 8-4 Common-Gate Amplifiers
28.  A,= g,R;=4000uS(1.5kQ) = 6.0

1 1

— = =250 O
g, 4000 uS

29- Rin(source) =

30.  A,=gnRs=3500uS(10 kQ) =35

1 1
Ry = Rs| (?J =22kQ| (3500 st =253Q

Section 8-5 Troubleshooting

31. (a) Vp1 = Vpp; No signal at Q, drain; No output signal
(b) Vb1 =0V (floating); No signal at Q; drain; No output signal
(¢) Vgs1=0V; Vs=0V, Vp, less than normal; Clipped output signal
(d) Correct signal at Q, drain; No signal at O, gate; No output signal
(e) Voo = Vpp; Correct signal at Q, gate; No Q, drain signal or output signal

32. @) V=0 VifCisopen.

(b) Ay = guRa= 5000 uS(1.5 kQ) =7.5
Lo &nPa 7.5 =224
l+g R 1+(5000 4S)(470Q)
A=Ay, = (1.5)(2.24) = 16.8
Vo= AV = (16.8)(10 mV) = 168 mV

(¢) No effect on V,,, unless Vp is so low that clipping occurs.

(d) No V,,; because there is no signal at the O, gate.
System Application Problems

33. The 10 4F capacitor between the drain of Q; and the gate of O, is open.

34. At test point 2: 250 mV is correct
At test point 3: 800 mV is approximately correct
At test point 4: 530 mV is too low
At test point 5: 2.12 V is too low but consistent with TP4
Most likely, the coupling capacitor between stage 1 and stage 2 is leaky. Replace.

35. Vpp=12V-(5.10mA)1.5kQ)=435V
V= (100 mV)(2200 £S)(1.5 kQ) = 330 mV
Vi = (330 mV)(2600 S)(1.5 kQ) = 1.29 V rms
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Data Sheet Problems
36. The 2N3796 FET is an n-channel D-MOSFET.
37. (a) For a 2N3796, the typical Vgsem=—-3.0 V

(b) For a 2N3797, Vpsmaxy =20 V

(c) At T =25°C, Ppgmax) =200 mW

(d) For a 2N3797, VGS(max) =+10V
38. Pp =200 mW — (1.14 mW/°C)(55°C - 25°C) =166 mW
39. For a 2N3796 with f= 1 kHz, g, = 900 £S minimum
40. AtVgs=3.5Vand Vps=10V,

ID(min) =9.0 mA, ID(typ) =14 mA, ID(max) =18 mA
41. For a zero-biased 2N3796, Ipqyp = 1.5 mA
42. Aymaxy = (1800 8)(2.2 kQ) = 3.96
Advanced Problems
43.  Rymin=1.0kQ| 4kQ =800 Q

Ayminy = (2.5 mS)(800 Q) = 2.0

Rigmaxy = 1.0kQ | 10kQ =909 O

Ayminy = (7.5 mS)(909 Q) = 6.82
44. IDSS(typ) =2.9mA

RD+RS= 2v =414 kQ

2.9

1 = 1 =435Q

g, 2300 4S

If Rs= 0 Q, then Rp = 4 kQ (3.9 kQ standard)

A, = (2300 4S)(3.9 kQ) = 8.97

Vps=24V-(29mA)(3.9kN)=24V-113V=127V

The circuit is a common-source zero-biased amplifier with a drain resistor of 3.9 kQ.
45. To maintain Vpg = 12 V for the range of Ipgg values:

For IDSS(min) =2mA

To maintain 4, = 9 for the range of g,.(ys) values:
For gminy = 1500 48
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= 9 =
®7 1500 4S8
For gumax) = 3000 S
3000 4S

A drain resistance consisting of a 2.2 kQ fixed resistor in series with a 5 kQ) variable resistor
will provide more than sufficient range to maintain a gain of 9 over the specified range of g,,
values. The dc voltage at the drain will vary with adjustment and depends on Ipss.

The circuit cannot be modified to maintain both Vpg = 12 V and 4, = 9 over the full range of
transistor parameter values.

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 46 through 54 are available in the
Solutions folder for Chapter 8 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

46.

47.

48.

49.

50.

51.

52.

53.

54.

Drain-source shorted
C, open

C, open

Rg shorted
Drain-source open
R, open

Rp open

R, open

C, open
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Chapter 9
Power Amplifiers

Section 9-1 Class A Power Amplifiers

1. (2 VB=[ Ry ]VCC=( 330Q )15V=3.72V

R +R, 1.0kQ +330kQ
Ve=Ve—Vge=3.72-07V=3.02V
ICQ = [E = VE = 3.2V = 68.4 mA

Ry +R, 82Q+36Q
Veeq = Vee = (Ic)(Re1 + Rex + Ry)
=15 V= (68.4 mA)(82 Q+35Q + 100 Q) =5.14 V

R, ___10Q ...
Ry +7, 82Q+037Q

Rin= Puc(Re1 +1,) " R | R,
=100 (82Q+037Q) |330Q]1.0kQ =192

A,= Aj[ﬁj =11.72(£9) =263
RL

(®) 4,=

100 Q

The computed voltage and power gains are slightly higher if 7. is ignored.
2. (a) If R, is removed, there is no collector current; hence, the power dissipated in the
transistor is zero.

(b) Power is dissipated only in the bias resistors plus a small amount in Rg; and Rg,. Since
the load resistor has been removed, the base voltage is altered. The base voltage can be
found from the Thevenin equivalent drawn for the bias circuit in Figure 9-1.

Ry =248 Q

Vip=3.72 \d_
T -

L ]

REl ANDE2 = 442Q

Figure 9-1

Applying the voltage-divider rule and including the base-emitter diode drop of 0.7 V
result in a base voltage of 1.2 V. The power supply current is then computed as

Vee—12V _15V-12V
R, 1.0kQ

=13.8mA

Iec=
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Power from the supply is then computed as
P’r = ICCVCC = (13.8 mA)(15 V) =207 mW

(c) 4,=11.7 (see problem 1(b)). V;, =500 mVy, =177 mV .
Vour = AV = (117177 mV)=2.07V
vz, 207V?

— _out __
Pout_ -

R, 100Q

=42.8 mW

3. The changes are shown in Figure 9-2. The advantage of this arrangement is that the load
resistor is referenced to ground.

+VEE
+15V

Vs =500 mV,,
1.0 kHz
Figure 9-2
4. A CC amplifier has a voltage gain of approximately 1. Therefore,
4= R, _ 2.2kQ —44
R, 50Q

(a) RIN(base) = ﬂDC(REl + REZ) = (125)(797 ) =9.96 kQ
Since Rinpase) > 10R,, it can be neglected.

Vo= ||y o[ —310Q )y (3109, y _s1av
R+R, 680 0 +510Q 1190 0

Ve=Va—-07V=514V-07V=444V
Ve 444V

Joq=lg= ~E =272% —557mA
QEET R 7970

Veq=Vec —IcqRc =12V — (55.7 mA)(100 Q) = 6.43 V
Veegq=Ve—Ve=643V -444V=199V

R.= R.|R, =100 Q[ 100 Q =50 Q

Veetcuroy = Verg T IcqR: = 1.99 V + 55.7 mA(50 Q) =4.78 V

Since Vcgq is closer to saturation, I, is limited to

Vepg  1.99V
R 50Q

C
Vou 18 limited to

Vout(p) = VCEQ =199V

I =

=39.8 mA
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(b) RIN(hase) = ﬂDC(REl + -RE2) = (120)(142 Q) = 17 kQ
Since Rinwase) < 10R,, it is taken into account.

Ve = R2 || RIN(base) _ 4.7kQ ” 17kQ2

DR R R | \12KQ+47KQ[17KQ
Ve=Vg—-07V=282V-07V=212V
Ieq=Ig=Ve/Re=2.12V/142 Q= 149 mA
VCQ = VCC - ICQRC =12V - (14.9 mA)(470 Q) =50V
VCEQ = VCQ - VE =50V-212V=288V
R.=Rc|R,=470Q[470Q =235Q
Vce(cutoﬁ‘) = VCEQ + ICQRC =288V +14.9 mA(235 Q) =638V
Since Vcgq is closer to saturation, /. is limited to
_ Vg 2.88V
R 235Q

C

Vout is limited to Vout(p) = VCEQ =288V

_( 3.68kQ

2220 12V =282V
15.68kQ)

=123 mA

L)

(@) 4,= Av(%)

L
R, _R.|R, _100Q]100Q 500 _
R, R,  47Q  47Q
Rin= Rl ” R2 ” Rin(base) = Rl " R2 " ﬂaCREl
Ry, = 680 Q[ 510 Q| (125)(4.7 Q) =680 Q[ 510 Q|| 588 2 =195

4,= (10.6)2(@) =219

Ay

n

10.6

100 ©

R, _R.|R, _470Q[470Q 235Q _

Ry Ry 220 20
n=12kQ| 47 kQ| (12022 Q) =12 kQ | 4.7 kQ | 2.64 kKQ = 1.48 kQ

4,=(10.7) 14810 ) _ 361
470Q

® 4,

I

10.7
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RIN(base) = ﬂDCRE = 90(130 Q) =11.7kQ
Ry || Rixgasey =1.0KQ [ 117 kQ =921 Q

Vo= | 2 | R Vee = (—9—21—Q—jz4v =393V
R+ R, || Riasey 5.62 kQ

Ve=Vp—-07V=393V-07V=323V

VC = VCC _ICQRC =24V - (248 mA)(56O Q) =139V
VCEQ = VC - VE =139V -323V=107V
PD(min) = PDQ = ICQVCEQ = (248 mA)(lO7 V) =265 mW

From Problem 7: Icq=24.8 mA and Vg =107V
Veetcutoy = Verq T IcqRe: = 10.7 V + (24.8 mA)264 Q=172 V
The Q-point is closer to cutoff than to saturation.

Pou= 0.5I2R, =0.5(24.8 mA)*264 Q = 81.2 mW
P, _ P P 81.2mW

— out — out —

= = =0.136
By Veclee Vecleqg (24V)(24.8mA)

eff=

Section 9-2 Class B and Class AB Push-Pull Amplifiers

9.

10.

(@ Vo)=0V+07V=07V
VB(QZ) =0V-07V=-07V

V=0V
Ieq= Ve = (V) -14V _ IV-(-9V)-14V _ 83 mA
R +R, 1.0kQ +1.0kQ

Veron =9V

Veraon =-9V
®) Vour=Vyu=5.0Vrms

2 2
Pout"_" (V;ut) = >0V =05W
R, 50Q
Ly = Vee _ 9.0V _ 180 mA 250
RL 50Q 200 T dc load line
Vce(cutoﬁ’) =9V w\(ﬁc oac ine //
150
These points define the ac load line as shown I (mA) \
in Figure 9-3. The Q-point is at a collector 100
current of 8.3 mA (see problem 9) and the dc s \\ )
load line rises vertically through this point. AN |  point
o b= L) Ne]
0 2 4 6 8 10
VeeV)
Figure 9-3
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11. (a) VB(QI) =75V+0.7V=82V
Veoy=75V-07V=68V
Ve= % =75V

feg= Ve m14V | 1SV-14V_ oo
R+R,  10kQ+1.0kQ

VCEQ(Q]) =15V-75V=75V
VCEQ(Q2) =0V-75V=-175V

(b) Vin = Vour = 10 Vpp =354 Vrms
_ ) _Bs4vy
PL= -
R, 75Q

=167 mW

12. (a) Maximum peak voltage=7.5V,. 7.5V, =530 Vrms

2 2
PL(max) = (I;;) = (5;50;2,) =375 mW
L

(b) Maximum peak voltage = 12 V,. 12 V,=8.48 Vrms

2 2
Prmaxy = L) _ BA8V)” _ 960 mw
R, 75Q

13. (a) C, open or O, open
(b) power supply off, open R;, O, base shorted to ground
(c) O has collector-to-emitter short
(d) one or both diodes shorted

VDD _(_VDD) — 48V =455 ﬂA

R+R,+R, 105.6kQ

Vs =Vop — Ini(Ry + R2) =24 V — 455 uA(5.6 kQ) = 21.5 V
Ve=Vp+07V=215V+07V=222V

Voo —Ve 24V -222V
R, +R, 1.1kQ
VR6 = VTH(Q]) - VTH(QZ) =275V - (—275 V) =55V
Vee _ Vas 55V

14. (a) IRl =

=1.64 mA

E=

Rg= RS = 7S _ =3.35kQ
Ie Iy 164mA
b) 2 25MV_25mV oo
I, 164mA
s R _15KQ o

R +7 1152Q
Vou = AV = 130(50 mV) = 6.5 V

2 2
(c) PL= You _ (65V) 1.28 W
R, 330
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Section 9-3 Class C Amplifiers

t
15.  Ppugy= (%)VCE(W)IC(W) = (0.1)(0.18 V)(25 mA) = 450 LW

1

6. fi=—t - =
"7 2xJIC 272/10mH)(0.001 4F)

50.3 kHz

17, Vouowy =2Vec=2(12V) =24V

2 2
18. Py, = Ve 05AV)” _ 25w
R, 50 Q
t
Pogavg = (%)VCE(SM)IC(SM) = (0.1)(0.18 V)(25 mA) = 0.45 mW

P

out

P _+P

out D(avg)

225W

= =0.9998
2.25W +0.45mW

n

Section 9-4 Troubleshooting

19. With C; open, only the negative half of the input signal appears across R;.

20. One of the transistors is open between the collector and emitter or a coupling capacitor is
open.

21. (a) No dc supply voltage
(b) Diode D, or D, open
(c) Circuit is OK
(d) QO shorted from collector to emitter

System Application Problems

22. For the block diagram of textbook Figure 9-34 with no signal from the power amplifier or
preamplifier, but with the microphone working, the problem is in the power amplifier or
preamplifier. Check for an output from the preamp. If one is present, the preamp is not at
fault.

23. For the circuit of Figure 9-35 with the base-emitter junction of the 2N6043 open, the dc
output will be approximately 6 V with a signal output having the positive alternations of the

input signal.

24, For the circuit of Figure 9-35 with the base-emitter junction of the 2N6040 open, the dc
output will be 0 V with no signal output.

25. On the circuit board of Figure 9-49, the input coupling capacitor C; has been installed
backwards. The positive lead should connect into the circuit.
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Data Sheet Problems

26. From the 2N6040 data sheet of textbook Figure 9-36:
(a) ﬂDC(min) =100 @ Ic =8.0 A, VCE =4V
ﬁDC(min) =1000 @ IC =40 A, VCE =4V
(b) For a 2N6041, Vcgmax =80V
(©) PD(max) =75W @ I =25°C
(d) Icamaxy = 8.0 A continuous or 16.0 A peak

27. Pp=75W —(65°C — 25°C)(0.6 W/°C)=75 W -24 W =51 W

28. Pp=22W —(80°C —25°C)(0.0175 W/°C) =22 W — 963 mW =1.24 W
29. As the frequency increases, the small-signal current gain decreases.

30.  h,=2800 @f=2KkHz
hye =700 @ f= 100 kHz

Advanced Problems

31. T¢ is much closer to the actual junction temperature than 7. In a given operating
environment, T is always less than T¢.

24V 24V

330Q+100Q 430Q

VCE(cutoft) =24V

Voo = (—_1.01(9 )24V =421V
1.0kQ+4.7kQ

Veq=421V-07V=351V

IEQEICQ = %6561—?2\[ =35.1mA Ic(mA)

=55.8 mA

32. IC(sat) =

R.=330Q] 330Q =165Q

Veo=24V —(35.1 mA)(165 Q) = 12.4 V
Vepg =124V -351V=890V

89.1 .
AC load line

558
Ly =35.1 mA + 80V _89.1ma
Veotcuroy = 890 V — (35.1 mA)(165 Q) = 14.7 V DC load line
See Figure 9-4.
ce kgure 0 147 24 Yee (V)
Figure 9-4
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33. See Figure 9-5.

15V
I =Ip= —— =174 mA
=R 860

Vp= 18Q 15V=314V
86 Q

Ve=3.14V -0.7V =244V

hzlo= 2%V _503ma
4850
Ve=15V - (10 Q)(503 mA) = 9.97 V
VCE =7.53V
p=5mV 5050
503 mA

The ac resistance affecting the load line is

R.+R, +r, =10Q

Pac = Pocz2100

Tsan =503 mA + 753V
10.2Q

Veeteutoqy = 7.53 V + (503 mA)(10.2 Q) = 12.7 V

=124 A

The Q-point is closer to cutoff so

P =(0.5)(503 mA)%(10.2 Q) =129 W

As loading occurs, the Q-point will still be closer
to cutoff. The circuit will have

P,,>1W for R; >37.7 Q. (39 Q standard) Figure 9-5

34, To modify the circuit of textbook Figure 9-39, to operate on dc power for 8 hours
continuously, remove the rectifier connections (with a switch possibly) and connect the
power terminals of the preamp and amplifier boards to a 12 V battery (possibly with the same
switch as that which disconnects the power supply). Because the preamp operateson 9 V, a
zener or other regulator must be used to set the proper voltage on this board.

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 35 through 39 are available in the
Solutions folder for Chapter 9 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

35. C;, open
36. Rg, open
37. (i collector-emitter open

38. D, shorted

39. (O, drain-source open
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Chapter 10
Amplifier Frequency Response

Section 10-1 Basic Concepts

1.

If C, = C,, the critical frequencies are equal, and they will both cause the gain to decrease at
40 dB/decade below f;.

At sufficiently high frequencies, the reactances of the coupling capacitors become very small
and the capacitors appear effectively as shorts; thus, negligible signal voltage is dropped
across them.

BIT: Cpe, Cpc, and C,
FET: Cgs, ng, and Cds

Low-frequency response: Cj, C,, and C;s
High-frequency response: Cj,, Cpe, and C,,

Ve= Ry VCC—O.7V=( 4.7k 20V -07V=179V
37.7kQ

R +R,
Ve 1PV _3oma
R, 5600
p=22V 580
32mA
22kQ 5.6k
4= B _22KQ|56KQ
" 780

e

Cingmitiery = Cpe(4, + 1) =4 pF(202 + 1) = 812 pF

+1 203
Cout(miller) = Cbc(AVTJ =4 pF(EJ =4 pF

Ip=3.36 mA using Eq. 8-5 and a programmable calculator.
Vaos =—(3.36 mA)(1.0 kQ) =-3.36 V
o= 204 _ 55

8V
336V
L =(2.5mS)|1-="—" | =1.45mS
gn=(25m )( % ) m
A,=guRs= (145 mS)(1.0kQ | 10kQ) =1.32
Coa=C,s=3pF
Cingmittery = Cga(A4, + 1) = 3 pF(2.32) = 6.95 pF

+1 232
Coutmittery = ng(Av 4 J =3 pF(E) =5.28 pF
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#

Section 10-2 The Decibel

8 A,= P""’=———5w =10
P, O05W
Bout
A4,(dB) =10log P =101log 10=10dB
9. Vin = Vou =lﬂ =24 mV rms
A,

A,(dB) = 20 log(4,) = 20 log 50 = 34.0 dB

10. The gain reduction is 20 log(g) =-83dB

11.  (a) 10log M) =3.01 dBm
1mW
1mW
10logl ——— | =0 dBm
®) : 1ij
() 10log 4—m\iv-) = 6.02 dBm
1m
(d) 101og M) =_6.02 dBm
1mW
12 Vg= ( ATKQ v =179V
37.7kQ
=1PY _320mA
560 Q)
p=2M 7810
32mA
5.6kQ | 2.2kQ
4, = sekef22k0 .,
7.81Q

Ayas) = 20 log (202) = 46.1 dB
At the critical frequencies,
Ayap=46.1dB -3 dB=43.1dB

Section 10-3 Low-Frequency Amplifier Response

1 1

27RC  27(100 Q)(5 4F)
1 1 1

27RC  272(1.0kQ)(0.1 uF)

13. () f= 318 Hz

) fo= 59 kHz
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14.

RIN(base) = ﬂDCRE =12.5 kQ

o ( | Rosceeser J9 N [ 47kQ|12.5kQ

R+ R, || Rogase

Ve _13V i34
R, 100Q

n=2 100

¢ 13mA
Rintpase) = ,Bac 2 =1(125)(1.92 Q) =240 Q

12kQ+4.7 kQ | 12.5kQ

j9V—O.7V= 1.3V

Rin =50 Q+ Rinpase)| By | R, =50 Q+240 Q | 12kQ || 4.7kQ =274 Q

For the input network:
Je= ! = L =578 Hz
27R,C,  27(274 Q)(1 4F)
For the output network:
L= 1 - ! =177 Hz
27(R. +R)C,  27(900 Q)(1 wF)
For the bypass network:
Ru= R | R, | R, =12kQ| 47kQ[ 50 Q =493 Q
1 1
f; = ; = =
27r(re + Ry / Boc || Re )C2 27(2.31 Q)(10 uF)
R, 220Q1 680 Q
g=FelR " =86.6
r 1.92Q

e

A,(dB) =20 log(86.6) = 38.8 dB

89 kHz

The bypass network produces the dominant low critical frequency. See Figure 10-1.

A, (dB)

388 |-mmmmmmmmmmmmmmme oo

—20 dB/decade

-40 dB/decade

1

1

1

I

1

177 !
i 7

0 ! 578
—60 dB/decade

Figure 10-1

&9

6890

f(Hz)
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15. From Problem 14:
Av(mid) = 86.6
Av(mid) (dB) =38.7dB
For the input RC network: f.=578 Hz
For the output RC network: f.=177 Hz
For the bypass RC network: f, = 6.89 kHz
The f; of the bypass network is the dominant low critical frequency.
Atf=f.=6.89 kHz:
A, = Aymigy— 3 dB=38.7dB -3 dB =35.7 dB
Atf=0.1f:
A,=38.75dB-20dB=18.7dB
At 10f; (neglecting any high frequency effects):
Av = Av(mid) =38.7 dB

16. Atf=f.=Xc=R
Atf=0.1f,, Xc= 10R.
6=tan"'(10) = 84.3°

Atf=10f,, Xc=0.1R.
f=tan"'(0.1) =5.7°

VGS

=200 MQ

17. Rintgare) = — ‘ﬂ

Isss| |50nA
Rin= Ry || Riygguey =10MQ | 200MQ = 9.52 MQ
For the input network:
f= 1 _ 1

° 2R, C,  27(9.52MQ)(0.005 4F)
For the output network:
. 1 _ 1 4
¢ 27(R,+R,)C, 27(560Q+10kQ)(0.005 uF) )

The output network is dominant. See Figure 10-2.
A, (dB)

=3.34 kHz

01 kHz

8.47

f(kHz)

Figure 10-2
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2(15mA)

6V
Avmicy= 8n(Rp | R,) =5mS(560Q || 10kQ) =2.65
Avmia(dB) = 8.47 dB

18. @) gn=8gm= =5mS

Atf;:
A,=8.47dB-3dB=547dB
At 0.1f:
A,=8.47dB-20dB=-11.5dB
At 10f;:

A, = Avmig) = 8.47 dB (if 10f, is still in midrange)
Section 10-4 High-Frequency Amplifier Response

19. From Problems 14 and 15:
r, =1.92 Q and 4,miq) = 86.6
Input network:
C,'n(mi”e,) = Cbc(Av + 1) =10 pF(866) =876 pF

Cr= Cy. | Cin(mitery =25 PF + 876 pF =901 pF
fe

- 1 _ 1

“22R R R | Bur)Cr 272050 Q| 12kQ| 4.7kQ | 240 Q)01 pF
Output network:
Cout(miller) = Cbc('AVTH] =10 pF(87—6j =10.1 pF

=4.32 MHz

86.6

=94.9 MHz

= 1 _ 1
© 2mRCopminery  270(166 Q)(10.1pF)

Therefore, the dominant high critical frequency is determined by the input network:
fe=4.32 MHz. See Figure 10-3.

A, (dB)
38.7 5 —20 dB/decade

i

]

1

i

]

1

1

1

1

1 1

! i\ —40 dB/decade

! :

1 1

1 1

! |

! - MH

0 432 94.9 N JORD

Figure 10-3
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20.

21.

22,

Atf=0.1f,= 458 kHz:
A, = Aypmigy = 38.7 dB
Atf=f,=4.58 MHz:
A, = Aypmiay— 3 dB=38.7dB -3 dB =35.7 dB
At f=10f,=45.8 MHz:
A, = Aypmiay— 20 dB =38.7dB - 20 dB = 18.7 dB
At f=100f. =458 MHz:
The rolloff rate changes to —40 dB/decade at f=94.6 MHz. So, for frequencies from
45.8 MHz to 94.6 MHz, the rolloff rate is —20 dB/decade and above 94.6 MHz it is
—40 dB/decade.
The change in frequency from 45.8 MHz to 94.63 MHz represents
94.6 MHz — 45.8 MHz < 100% = 11.8%
458 MHz — 45.8MHz
So, for 11.8% of the decade from 45.8 MHz to 458 MHz, the rolloff rate is —20 dB/decade
and for the remaining 88.2% of the decade, the rolloff rate is —40 dB/ decade.
A,=18.7dB - (0.118)(20 dB) — (0.882)(40 dB) = 18.7 dB - 2.36 dB - 35.3 dB=-19 dB

Cga=Crs =4 pF

Cgs = Ciss — Cyss = 10 pF — 4 pF = 6 pF

Input network:

Cinmitiery = Cga(4y + 1) =4 PF(2.65 + 1) =14.6 pF
Cr= C,y | Cmiery = 6 PF + 14.6 pF =20.6 pF
T 1

‘ 27R.Cr  27(600 Q)(20.6 pF)
Output network:

+1 2.65+1
Coutmitiery = ng(AvAv J = 4pF( 65 ) =5.51pF

¢ 27R,C 272(530 Q)(5.51pF)
The input network is dominant.

=12.9 MHz

54.5 MHz

out(miller)

From Problem 21: For the input network, f. = 12.9 MHz and

for the output network, £, = 54.5 MHz.

The dominant critical frequency is 12.9 MHz.

Atf=0.1f.=1.29 MHz: 4, = Aypmis)= 8.47 dB, 8=0°

Atf=f,=129 MHz: 4,= Aypmig— 3 dB =8.47 dB - 3 dB =5.47 dB, 6= tan"'(1) = 45°

At f=10f.= 129 MHz:

From 12.9 MHz to 54.5 MHz the rolloff is —20 dB/decade. From 54.5 MHz to 129 MHz the
rolloff is —40 dB/decade.

The change in frequency from 12.9 MHz to 54.5 MHz represents

54.5MHz -12.9MHz
129 MHz -12.9MHz
So, for 35.8% of the decade, the rolloff rate is —20 dB/decade and for 64.2% of the decade,
the rate is —40 dB/decade.
A,=5.47 dB - (0.358)(20 dB) — (0.642)(40 dB) = —-13.1 dB
Atf=100f,= 1290 MHz: 4,=-13.1dB - 40 dB =-53.1 dB

x 100% = 35.8%
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Section 10-5 Total Amplifier Frequency Response

23. f,=136Hz
fou=8 kHz

24. From Problems 14 and 19:
feu=4.32 MHz and f;; = 6.89 kHz
BW=f,, — fu=4.32 MHz — 6.89 kHz = 4.313 MHz

25. fT = (BW)Av(mid)
g _Jr_ _ 200MHz
Av(mid) 38
Therefore, f,, = BW =5.26 MHz

=5.26 MHz

26. 6 dB/octave rolloff:
At 2f.: A,=50dB-6dB =44 dB
At4f,,: A,=50dB-12dB =38 dB
20 dB/decade rolloff:
At 10f,,: 4,=50dB-20dB=30dB

Section 10-6 Frequency Response of Multistage Amplifiers

27. Dominant f,, =230 Hz
Dominant f;, =1.2 MHz

28. BW=12MHz-230Hz=1.2 MHz

400Hz _ 400Hz
Jai2 1 0.643

£ = (800 kHz)v/2"* -1 =0.643(800 kHz) = 515 kHz
BW =515 kHz — 622 Hz = 514 kHz

2. [, = =622 Hz

50Hz 50Hz
30. V= = =98.1 Hz
Ja Jo3 1 0510
31 1= 125Hz =125Hz=194HZ
Va2 1 0.643
fo, 2.5 MHz

BW=25MHz - 194 Hz = 2.5 MHz
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Section 10-7 Frequency Response Measurement

32. ﬁ,=9§—5-=9'3—5=350Hz
t 1ms
fu= 0.35 _ 0.35 - 17.5 MHz
t 20 ns

r

33. Increase the frequency until the output voltage drops to 3.54 V (3 dB below the midrange
output voltage). This is the upper critical frequency.

34. t,=3divx 5 us/div=15 us
tr= 6 div x 0.1 ms/div = 600 us
_035_ 035

== =583 Hz
e t, 600 us
£=035_035 o0,
t, 15 ps

BwW =233 kHz - 583 Hz=22.7 kHz

System Application Problems

113kQ
L=213mA, r/ =11.7Q
R=22kQ | 100kQ || (112 Q)(100) = 6.9 kO (both stages)

35. VB=(13kQJIZV=1.38V, Vg=0.68 V

First stage:

Jetiny = L =23.1 Hz
27(6.9kQ)(1 uF)

R, =47kQ+69kQ=11.6kQ

fr:l(zmt) = ! 13.7 Hz

272(11.6kQ)(1 4F)
Rippass = 220 Q|| (112Q + 22kQ2|| 100kQ2/100) = 125 Q
1 -
22(125 Q)(100 LF)
Second stage:
Seiny = 13.7 Hz (same as feyouy Of first stage)
Row=47kQ+10kQ = 14.7kQ
fohoun = ! =10.8 Hz
27(14.7 kQ)(1 uF)
Rigpass = 220 Q|| (112 Q + 22kQ || 100 k|| 4.7 kQ/100) = 88.8 O
1 —_—
27(88.8Q)(100 uF)
Seuiny of first stage is the dominant lower critical frequency.

12.7 Hz

ﬁl(bypass) =

17.9 Hz

f;:l(bypass) =
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36.

37.

38.

Changing to 1 4F coupling capacitors does not significantly affect the overall bandwidth
because the upper critical frequency is much greater than the dominant lower critical
frequency.

Increasing the load resistance on the output of the second stage has no effect on the dominant
lower critical frequency because the critical frequency of the output circuit will decrease and
the critical frequency of the first stage input circuit will remain dominant.

[ 13kQ
B (1 13kQ
L=213mA, r, =11.7Q
R, = 22kQ || 100 kQ || (112 Q)(100) = 6.9 kQ (both stages)
First stage:
1

Jotan = 272(6.9kQ)(10 1F)
Ruu=47kQ+69kQ=11.6kQ
1

fcI(out) = =1.37 Hz
22(11.6 KQ)(10 4F)

Riypass = 220 Q| (112Q+22kQ | 100kQ/100) =125 Q
1 =
27(125 Q)(100 uF)
Second stage:
Sewiny = 1.37 Hz (same as foyour) of first stage)
R, =47kQ+ 10 kQ =14.7kQ
1

cl(out) = =1.08 Hz
Jateun 27(14.7kQ)(10 4F)

Riypass = 220Q2|| (112Q +22kQ | 100kQ | 4.7 kQ2/100) = 88.8 Q

1 _
27(88.8Q)(100 uF)

)IZV =138V, V=068V

231 Hz

12.7 Hz

Jetypass) =

17.9 Hz

Jelwypass) =

First stage:
R.= 47kQ|[ 100kQ | 22kQ | (100)(100 Q+11.7 Q) =2.8kQ
_ 2.8kQ
1120

Cinuitiery = (25 + 1)4 pF = 112 pF
Cin(Tot) =112 pF +8 pF =120 pF

=25

vl

Courmittery = (25 i 1)4 pF =4.16 pF
25
Jeu(iny = ! =192 kHz
27(6.9 kQ)(120 pF)
Jeutouny= ! =13.7 MHz

27(2.8kQ)(4.16 4F)
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Second stage:
R.=47kQ || 10kQ =3.2kQ

_ 3.2kQ
112Q

Cinmitiery = (28.6 + 1)4 pF = 119 pF

Cinwoy = 119 pF + 8 pF = 127 pF

28.6+1
Couitiery = ( 28.6
! =4
27(2.8kQ)(127 pF)
1 _
27(3.2kQ)(4.14pF)
0.35

T 179Hz

0.35
ty= =1.82
7 192kHz s

=28.6

vl

)4pF =4.14 pF

Seu(iny= 48 kHz

12.0 MHz

f;'u(out) =

t =19.5 ms

Data Sheet Problems
39.  Ciwy=(25+ 1)4 pF + 8 pF =112 pF

4. BW, - Jr _300MHz _ o\

Av(mid) 50

41. Coa=Cys =13 pF
Cgs = Ciss — Cr5s =5 pF — 1.3 pF =3.7 pF
Ci=Cy—Cus=5pF - 13 pF=3.7pF

Advanced Problems

42. From Problem 12: r,; =7.81 Qand [r=3.2mA
Ve=20V-(32mA)22kQ)=13Vdc
The maximum peak output signal can be approximately 6 V.
The maximum allowable gain for the two stages is

6—V —

1.414(10mV)

For stage 1:

R.=22kQ ” 33kQ| 4.7kQ | (150)(7.81Q) =645 O

_ 6450
7.81Q

v(max) ~

= 82.6

vl
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43.

For stage 2:
R.= 2.2kQ|| 5.6kQ =1.58kQ
1.58kQ
V1= = 2
7.81Q

Avon = (82.6)(202) = 16,685

The amplifier will not operate linearly with a 10 mV rms input signal.

The gains of both stages can be reduced or the gain of the second stage only can be reduced.
One approach is leave the gain of the first stage as is and bypass a portion of the emitter
resistance in the second stage to achieve a gain of 424/82.6 = 5.13.

A= K _ =5.13
e +re
 R.-513r_158kQ-401Q _ 00
5.13 5.13

Modification: Replace the 560 Q emitter resistor in the second stage with an unbypassed
300 Q resistor and a bypassed 260 Q resistor (closest standard value is 270 Q).

From Problems 17, 18, and 21:

Cr= Cy || Cinmitiery =20.6 pF
2.65+1
Coutimitiery = 4 pF =5.51 pF
H(miller) p ( 265 j p
Stage 1:
1 1
Jeliny = = =3.34 Hz
27R,C;  27(9.52 MQ)(0.005 uF)
Seltouy = ! = 3.34 Hz since R,y >> 560 Q
27(9.52 MQ)(0.005 uF)
Jeuiny = ! =12.9 MHz
27(600 Q)(20.6 pF)
Seuouy = 1 =10.5 MHz
27(560 Q)(20.6 pF + 5.51pF)
Stage 2:
1 1
Selny = = =334 Hz
27R,C,  27(9.52 MQ)(0.005 uF)
Seltoury = ! =3.01 kHz
27(10.6 kQ)(0.005 uF)
Seutiny = L =10.5 MHz
27(560 Q)(20.6 pF + 5.51pF)
f;u(out) = ! =54.5 MHz
27(560 Q| 10kQ)(5.51pF)
Overall:
f;l(out) =3.01 kHz and ﬂu(in) =10.5 MHz
BW=10.5 MHz

97



Chapter 10

44,

Riy = 22kQ | (100)(320 ©) = 13 kQ

VB(]) = ( 13 kO ]12\/ =1.38, VE(1)= 0.684V

113kQ
EQ) = 0.684 v =2.14 mA, re' =11.7Q
3200
Ry = 4.7kQ| 33kQ| 22kQ| (100)(100 Q) =2.57 kQ
=237 kQ _ .
1120

Riuy= 22kQ (100)(1010 Q) = 18kQ

VB(2) = (wjlz V = 442, VE(]) = 354 V

51k

EQ) = 3.54V =351mA, r, =7.13Q
1.01kQ2

R = 3kQ| 10kQ =231 kQ

Ay = 231kQ 24 maximum
107.13Q

Ayo) = 2.31kQ = 2.27 minimum
101kQ2+7.13Q

Ayion = (23)(24) = 554 maximum
Ayeory = (23)(2.27) = 52.3 minimum
This is a bit high, so adjust R, to 3 k<, then

3kQ| 22kQ| 33kQ | 101kQ
Av(1)= 1120 =214

Now,

Avrony = (21.3)(24) = 513 maximum

Ao = (21.3)(2.27) = 48.5 minimum

Thus, A4, is within 3% of the desired specifications.

Frequency response for stage 1:
Ry =22kQ[100kQ| 32kQ =115 kQ

1
cl(in) = =1.38 Hz
Jetan 22(11.5kQ)(10 1F)

Roniner = 220Q | (100 Q+11.7 Q + (22kQ || 100kQ)100) =125 Q

1
c ass) — =12.7Hz
Jettypass 272(125 Q)(100 1F)

Rou=3kQ+ (33kQ| 22kQ (100)(107 Q)) =8.91 kQ

L =1.79Hz
27(8.91kND)(10 uF)

ﬂl(out) =
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#

Frequency response for stage 2:
Seriny= 1.79 Hz (same as foou) for stage 1)
Ry =3kQ+10kQ=13kQ

1
272(13kQ)(10 4F) L
This means that Cg is the frequency limiting capacitance.

Reminer 910 Q|| (100 Q+7 Q + (22kQ | 33kQ |3k)/100) =115 Q
For f,, =1kHz:
1
o= S sy A
1.5 4F is the closest standard value and gives

1
¢l ass) — =922 Hz
Jettypaso 22(115 Q)(1.5 1F)

This value can be moved closer to 1 kHz by using additional parallel bypass capacitors in
stage 2 to fine-tune the response.

Seltouny = 22 Hz

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 45 through 48 are available in the
Solutions folder for Chapter 10 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

45. Rc open

46. Output capacitor open

47. R, open

48. Drain-source shorted
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Thyristors and Other Devices

Section 11-1 The Basic 4-Layer Device

1. VA= VBE_ VCE(Sat)=O.7V+O.2V=0.9V
Ve, =Vains ~Va =25V =09V =241V
v,
IA= ﬁ:w =24.1mA
R, 1.0kQ
2. (@) Rac= 26 BV _15m0
I, 1upA

(b) From 15 V to 50 V for an increase of 35 V.
Section 11-2 The Silicon-Controlled Rectifier (SCR)

3. See Section 11-2 in the textbook.

4, Neglecting the SCR voltage drop,
Royax = ﬂ =3 kO
10 mA

Section 11-3 SCR Applications

5. Add a transistor to provide inversion of the negative half-cycle in order to obtain a positive
gate trigger.
6. D, and D, are full-wave rectifier diodes.

7. See Figure 11-1.

0
Figure 11-1
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Section 11-4 The Diac and Triac

8. Vigpy= 1414V ypmy = 141425 V) =354V

Ip = Vin(p) = 3535V =354 mA
1.0kQ
Current at breakover = 0V =20 mA
0kQ
See Figure 11-2.
35.4mA
20 mA
0
20 mA
354 mA
Figure 11-2
9. I,= ﬂ =3.19mA
4.7kQ
See Figure 11-3.
319mA - ——-—
ImA|---—==}—=-
0
Triggers on
AdmMAfF - e -
BIIMAF——————m e m—m— -

Figure 11-3
Section 11-5 The Silicon-Controlled Switch (SCS)

10. See Section 11-5 in the text.

11. Anode, cathode, anode gate, and cathode gate
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M

Section 11-6 The Unijunction Transistor (UJT)

Mo _ 2.5kQ
ro +rp  2.5kQ+4kQ

12.  n= =0.385

13. Vo=nVep+ Vp,=0.385(15V) +0.7V =648 V

VBB _Vv <R1 < VBB —VP
I, I,
12V-0.8V 12V-10V
— <R <———
15mA 10 A

747 Q <R; <200 kQ

14.

Section 11-7 The Programmable UJT (PUT)

2 T &y

15.  (a) Va= R, VB+0.7V=£k—Q2OV+0.7V=9.79V
R 22kQ

47kQ
V,= V.o+07V=|22219V +0.7V=52V
®) Va ( JB (941(9)

R, +R,

16. (a) From Problem 15(a), Vo =9.79 V at turn on.

I= m =20.8 mA at turn on

470 Q2

=29V _513ma
470Q

See Figure 11-4.

213mA — - - - L

Figure 11-4
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(b) From Problem 15(b), V4 =5.2 V at turn on.
52V

I = —— =15.8 mA at turn on
330Q

=0V _303maA
330Q

See Figure 11-5.

0
Figure 11-5

17. Vy= R, 6V+0.7V=(wJ6V+O.7V=3.7Vatturnon
R, +R, 20k

Va1 = VA =3.7V at turn on.
See Figure 11-6.

Approx 5 V-——JI--

Approx3.7V:- -~

Vri

0
Figure 11-6
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Section 11-8 The Phototransistor

18.

19.

20.

Ie = Bocl, = (200)(100 zA) = 20 mA

(a) VOUT= 12V
(b) Vour=0V

Ly = (50 Im/m®)(1 pA/lm/m?) = 50 uA
It = BociPocalu = (100)(150)(50 pA) =750 mA

Section 11-9 The Light-Activated SCR (LASCR)

21.

22,

When the switch is closed, the battery ¥, causes illumination of the lamp. The light energy
causes the LASCR to conduct and thus energize the relay. When the relay is energized, the
contacts close and 115 V ac are applied to the motor.

Vi —I . e
) q;/ \—l

See Figure 11-7.

Figure 11-7

Section 11-10 Optical Couplers

23.

24.

Lu = (0.30)(100 mA) = 30 mA

Lour =0.6
IIN
I
o= four _10mA o mA
06 06

System Application Problems

25.

26.

27.

The motor runs fastest at 0 V for the motor speed control circuit.
If the rheostat resistance decreases, the SCR turns on earlier in the ac cycle.
As the PUT gate voltage increases in the circuit, the PUT triggers on later in the ac cycle

causing the SCR to fire later in the cycle, conduct for a shorter time, and decrease the power
to the motor.
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Advanced Problems

28. Dy: 15V zener (1N4744)

Ri: 100Q,1W
Ry: 100Q,1W
Q;: Any SCR with a 1 A minimum rating (1.5 A would be better)
Ry 150Q,1W
29. See Figure 11-8.
o—v" —N\
AC Input
%Hé DC Supply o]
O
Y R
1N4735
; QYW
Imax)=15A
150Q1W

5Q1, W

I
|||-—'\/\/\,

Figure 11-8

30.  V,= W+ V=(0.75(12V)+0.7V=97V
I,=10 mA and I, =20 yA
_12v-97v
20 LA
_12v-1v

10mA

Select R; = 51 kQ as an intermediate value.
During the charging cycle:

Vo) =Ve= (Ve =Vo)e ™'
9.7V=12V- (12V-1V)e™/kC
t, (2.3 V)
S S N ki
R,C 11V
= _R,CIH(Z-W
11

=115kQ

1

R1 =1.1kQ

v ) =1.56R,C =79.8 x 10°C
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During the discharging cycle (assuming R, >> Rg;):
V) =Ve— (Ve —Vy)e ™ TkaC
1V=0V - (0V-93V)e'kC

t ( v j
— =Iln| ——

R,C 9.3V
L= —chm(lj =2.23R,C
9.3V

Let R, = 100 kQ, so #, = 223 x 10°C.
Since f=2.5 kHz, T=400 us +12V
T=t+t=79.8 x 10°C + 223 x 10°C =303 x 10°C = 400 us
4
= 2008 _ 00013 uF
303x10

See Figure 11-9. é

¢
0.0013 pF

Figure 11-9
EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 31 through 33 are available in the
Solutions folder for Chapter 11 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

31. Shockley diode shorted (EWB only)

32. Gate-cathode open

33. R, shorted
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Operational Amplifiers

Section 12-1 Introduction to Operational Amplifiers

1.

Practical op-amp: High open-loop gain, high input impedance. low output impedance, and
high CMRR.

Ideal op-amp: Infinite open-loop gain, infinite input impedance, zero output impedance, and
infinite CMRR.

Op amp 2 is more desirable because it has a higher input impedance, a lower output
impedance, and a higher open-loop gain.

Section 12-2 Op-Amp Input Modes and Parameters

3.

10.

(a) Single-ended input
(b) Differential input
(c) Common-mode

CMRR(dB) = 20 log(250,000) = 108 dB

CMRR(dB) = 20 log Ao =201log| 1750001 _ 120 B
A, 0.18
CMRR = Aa
4o Aq 90,000 _
“* CMRR 300,000
8.3 uA —7.9 A
Igias = - ) - =8.1 pA

Input bias current is the average of the two input currents. Input offset current is the
difference between the two input currents.

Ios = [8.3 A —7.9 uA| =400 nA

24V
15 us

Slew rate =

=1.6 V/us

At = AV ou __20V =40
slewrate 0.5V/us
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Section 12-4 Op-Amps with Negative Feedback

11. (a) Voltage-follower
(b) Noninverting
(c) Inverting

. pe R _lo0ko

R, +R, 101kQ
V= BVou=(9.90 x 10™)5 V = 0.0495 V = 49.5 mV

=9.90x 10

1 1

13. (a) ACI(NI) - —_= =
B 1.5kQ/561.5kQ
1) Vour = AcipyVin = (374)(10 mV) = 3.74 V rms

© V= [&)3.74 V =9.99 mV rms

561.5kQ
4. (a4 1_ 1 =11
) A B T A TKQ/51.7KQ
1 1
b) Ayon = — = =101
®) Laow = & = 507 101MO
1 1
A, =478
© Aaon = 5= 2107224710
1 1
@) Auoy= —=— =23

B 1.0kQ/23kQ

R,
15. (@ 1+—-L =dun
Ri
Rr= R Aqom — 1) = 1.0kQ(50 — 1) =49 kQ
Rf
(b) 7{ = AcI(I)
Ry=—R(Ap) = —10 kQ(-300) = 3 MQ
(©) Rr=RiAunnp — 1) =12kQ(7) =84 kQ
(d) Rr=—-R{Auqp) = 2.2 kQ(-75) = 165 kQ

16. (a) Acl(VF) =1
R IOOkQ
b) Ay = —| L =-1
(®) Aoty (R J IOOkQ
1

1
Ac = =
©) Aaow R ( 47kQ )
R, 47kQ +1.0 MQ

1

330kQ
d) 4aw = —( ]= ( KO ) =-10

=22

w|\>o =
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17. @) Vou=Vi=10 mV, in phase

R
®) Vowr=AaVin=— (R_fJV"' =—(1)(10 mV) =-10 mV, 180° out of phase

i

1 1
Vou= | 77— IV =| 7755

(©) Vou R, ( 47kQ j

R +R 1047 kQ

R
@) Vo= — ( 4 JV = —( 33330;?)10 mV =-100 mV, 180° out of phase

10 mV =223 mV, in phase

V't_” _ lv
R, 22kQ
(b) =1, =455 yA
(©) Vou=—~IR;=—(455 pA)(22kQ) =-10 V

R 22kQ
d) Augp=—| L |=- =-10
(@) Ao (R.} (2.21(9)

1

18.  (a) In=

=455 uA

Section 12-5 Effects of Negative Feedback on Op-Amp Impedances

19. (a) B= %7—5% =0.0048
Zinowy = (1 + Ay)Zi = [1 + (175,000)(0.0048)]10 MQ = 8.41 GQ
Zownny = Zou__ 750 =89.2 mQ
1+ 4,B 1+ (175,000)(0.0048)
(b) B= ;ésskk% =0.031
Zinowy = (1 + A,)Ziy = [1 + (200,000)(0.031)]1 MQ = 6.20 GQ
Zoununy = Zou __ 2502 =4.04 mQ
1+ 4,B 1+ (200,000)(0.031)
© B= —2XK2 _ 053
1.056 MQ
Zinowmy = (1 + Ay)Zin = [1 + (50,000)(0.053)]2 MQ = 5.30 GQ
Zougery = Zou 00 =19.0 mQ

1+ 4,8 1+(50,000)(0.053)
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20. () Ziwr = (1 +4u)Zy=(1+220,00006 MQ =132 x 10* Q=132 TQ

Zow __100Q 55 40
1+4, 1+220,000

Zout(VF) =

() Zinevry = (1 + 4o)Zin = (1 + 100,000)5 MQ = 5 x 10" Q =500 GQ

VA 60 Q

ou_ =600
1+ 4, 1+100,000 #

Zout(VF) =

(C) Zin(VF) = (1 + Aol)Zin = (1 + 50,000)800 kQ =40 GQ

Zouvry = Zou = ek =1.5mQ
1+4, 1+500,000
21. @) Zun=Ri=10KkQ
= R; = 10k =0.0625
R, +R 7 160 kQ
Zounny = Zou__ 400 =5.12 mQ
1+4,B 1+(125,000)(0.0625)
(b) Z,',,(I) = Ri =100 kQ
B= 100 k02 =0.090
1.1MQ
Zout(l) = Zout = S04 =7.41 mQ
1+4,B 1+(75,000)(0.90)
(C) Zin(I) = R,' =470 Q
= _4_7.& =0.045
10,470 Q3
Zouryy = Zou 700 =6.22 mQ

1+4,B 1+ (250,000)(0.045)

Section 12-6 Bias Current and Offset Voltage Compensation

22. (@) Reomp = Rin="T5 Q placed in the feedback path.
Ios = |42 uA — 40 pA| =2uA

(b) Voureemon = AulosRin = (1)(2 pA)(T75 Q) =150 uV

23.  (a) R.=R,| R, =2.7kQ| 560kQ =2.69 kKO ,\;\*;V
(b) R.= R;| R, =1.5kQ| 47kQ =1.45 kO R,
(©) Re= R, | R, =56kQ[1.0MQ =53 kQ L W= -
See Figure 12-1. V. o_/\;;;\l__'_
Figure 12-1
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24. VOUT(error) = AvVIO = (1)(2 IlV) =2nV

25. VOUI‘(error) = (1 + Aal) VIO
VOUT(error) _ 35mV

Vio = =
10 A 200,000

=175 nV

ol
Section 12-7 Open-Loop Response

26. Ay=120dB -50dB =70 dB

27. The gain is ideally 175,000 at 200 Hz. The midrange dB gain is
20 log(175,000) = 105 dB

The actual gain at 200 Hz is
A,(dB) =105 dB -3 dB =102 dB
4,=log™ (%] = 125,892
20
BW,, =200 Hz
a8, Je_Xc
f R
xoo R _(0KQGKHD) _ | o
f 3kHz
29, (@) Lew_ 1 = 1 =0.997
in f g ( 1kHz )2
14| = 1+
f. 12kHz
V
(b) = ! = ! =0.923
in f 2 ( SkHz )2
1+ = 1+
f. 12kHz
V
(c) %= ! = ! =0.707
Via f 2 (12 kHz)2
1+ = 1+
f. 12kHz
(@ Vo _ 1 = ! =0.515
Vin Y (20 kHz
1+| 2 1+
£, 12kHz
© Vou _ ! = ! =0.119
Vin Fa% (100 kHzJ2
1+ 2 1+
f. 12kHz
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30.

31.

32.

(a) do= Aotcrit 80000 _ 79,603
1 \/1+(1OOHZ)2
+ c(ol) 1kHz
(b) Aol“ ol(mtd) 80,000 —56,569
1kHz )’
1+ 1+[ ]
c(ol) 1kHz
(©) Ay= ol(mtd) 80,000 —~ 7960
10kHz
1+ 1+( )
c(ol) 1kHz
(d) Ay= A imiay - 80,000 : - 80
. f \/1+(1MH2)
fc(ol) lkHZ
1 al f 2kHz
(@ f.= =1.59kHz; 6= tan'| < |=tan™ =_
% 2ch = 22(10kQ)(0.01 F) Z 0=t S =t ) T o
1 al f 2kHz
®) fo= =159 kHz; 6= tan!| < |=tan™ —_717°
% 27rRC = 22(1.0kQ)(0.01 4F) z 0=t = ) T Y
1 a4 f 2kHz
© fo= =159 Hz: 6= tan!| - |=tan™!| Z—= | = _85.5°
Z 27ch = 22100 kQ)(0.01 4F) z O tan | = o) T
i ,( 100Hz
a0=tan1i=tan1 =-0.674°
@ f. sskHz) o7
(b) 6= tan™ L =tan”' 400Hz =-2.69°
f. 8.5kHz
(c) 0= tan™ Ll =tan” 850 Hz =-5.71°
f. 8.5kHz
(d) 6= tan™ L —tan"[ 2 KHz) _ _45.00
f. 8.5kHz
(e) 6= tan™ L —tan”[ 2 KHz =-71.2°
f. 8.5kHz
_ [ 85kHz
(f) 6= tan™ L =tan~ =-84.3°
fe 8.5kHz

See Figure 12-2.
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33. (@) Aoimiay=30dB +40 dB +20 dB =90 dB

(b) 6, = —tan™

= —tan!

= —tan”!

S
S

o

S
f

o

S
fe

=—tan™

=—tan™

=—tan™

0 /100 1000 10,000 100,000 fHz)
15 \\
-30
-45 \
-60 \
-75
N
_90 N
Y
®(degrees)
Figure 12-2
10Ktz _ g6.6°
600 Hz
10kHz —_11.3°
50kHz
10kHz - 86
200kHz

B =—-86.6° — 11.3° — 2.86° — 180° = -281°

34. (a) 0 dB/decade

(b) —20 dB/decade
(c) —40 dB/decade
(d) —60 dB/decade

Section 12-8 Closed-Loop Response

R,

1

35. (a) AcI(I) = —( )

1
(b) AcI(NI) ==

-

1

B 15kQ/235kQ

68kQ
2.2kQ

J =-30.9; Aua(dB) =20 1og(30.9) = 29.8 dB

=15.7, Acean(dB) =20 log(15.7) = 23.9 dB

(C) Acl(VF) = 1, Acl(VF)(dB) =20 log(l) =0dB

These are all closed-loop gains.

36.  BW.=BW,(1 + BAgma) = 1500 Hz[1 + (0.015)(180,000)] = 4.05 MHz
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A,(dB) = 89 dB

37.
Ay =28,184
Aczfc(cl) = Ao/fc(ol)
A

A= ot c(oh) _ (28,184)(750 Hz) ~ 3843

fc(c,) 5.5kHz
A(dB) =20 log(3843)=71.7 dB
A
8. A= tofao  @SISHOS0HZ) _ g,
5.5kHz

f c(cl)
Unity-gain bandwidth = 4f; = (3843)(5.5 kHz) = 21.1 MHz

39. (a) Acl(VF) =1
Unity - gain BW _ 28 I\I/IHz - 2.8 MHz

BW=fyun =
Jeten 4,
100kQ
b) Aun = — =-45.5
(b) Ay 2 7KO
gw= 28MHz _ o kHz
45.5
12kQ _ .

Ao = 1+
©) Aaom =1+ 77055

pw=23MHZ _ s vz

1MQ
d) Ayp = ———= =_179
@ 4o =~ 3500

BW = 28MHz _ 15.7 kHz
179

_150kQ _ o

40. a) da= ———
@ 4=
AuSeon _ (12000005082) _, co

Joen=— 6.8

cl

BW‘:f;(c[) =2.65 MHz

1.0MQ
A= =100
®) 4a= 750
4
= e _ (195,000C0H2) _ g7 54y,
A, 100

BW-_-fc(c[) =975 kHz
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Section 12-9 Troubleshooting

41. (a) Faulty op-amp or open R;
(b) R, open, forcing open-loop operation

42, (a) Circuit becomes a voltage-follower and the output replicates the input.
(b) Output will saturate.
(c) No effect on the ac; may add or subtract a small dc voltage to the output.
(d) The voltage gain will change from 10 to 0.1.

43. The gain becomes a fixed —100 with no effect as the potentiometer is adjusted.

System Application Problems

44, The push-pull stage will operate nonlinearly if D; or D, is shorted, Q; or O, is faulty, the op-amp
stage has excessive gain, or if Rs is open or shorted.

45. If a 2.2 MQ resistor is used for R;, the gain of the op amp will be ten times too high, probably
causing a clipped output waveform.

46. If D, opens, the emitter current of Q; is diverted to the base of (0, producing saturation. Qs
will also saturate. The result is a signal voltage of 0 V on the output.

Data Sheet Problems
47. From the data sheet of textbook Figure 12-67:
___ 40 _ 0.0099
47kQ+470Q

Ay =200,000 (typical)

Z;,=2.0 MQ (typical)

Zow =25 Q (typical)

Zinoiny= (1 +0.0099)(200,000)(2 MQ) = (1 + 1980)2 MQ = 3.96 GQ

48. From the data sheet in Figure 12-67:

R
Zog=Ri= X2 L100KQ 0
A, 100
49, Ay=50 Vimv = 20V 30000V _ 54499
lmV 1V

50. Slew rate = 0.5 V/us
AV=8V-(-8V)=16V
_ _lev  _
0.5V/us
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#

Advanced Problems

51.

52.

53.

Using available standard values of R,= 150 kQ and R; = 1.0 kC,
150kQ _

4,=1+ 151
1.0kQ
- LKL (6107
151kQ

Zimam = (1 +(6.62 x 107)(50,000))300 kQ = 99.6 MQ
The compensating resistor is

R.= R, | R, =150kQ[ 1.0kQ =993 Q
See Figure 12-3.

——O Vout

910kQ 82Q
Figure 12-3

See Figure 12-4. 2% tolerance resistors are used to achieve a 5% gain tolerance.
Ry

Wy

R 680 kQ

—oO Vout

From textbook Figure 12-68: R
f.=10kHz at 4, =40 dB = 100 33kQ
In this circuit Wy
R; 15V
A,=1+ 33 k02 =100.1 =100 30 330Q |, *
3330 MW
The compensating resistor is = oV,
R.= 33kQ|| 3330 =330 Q Vin

See Figure 12-5.

Figure 12-5
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|

54, From textbook Figure 12-69:
For a +10 V output swing minimum, the load must be 600 Q for a £10 V and ~ 620 Q for
—10 V. So, the minimum load is 620 Q.

SS. For the amplifier,
A= - 100kQ _ 50
2kQ
The compensating resistor is
R.=100kQ| 2kQ =1.96 kQ=2kQ

See Figure 12-6.

_15v
Figure 12-6

56. From textbook Figure 12-68 the maximum 741 closed loop gain with BW =5 kHz is
approximately 60 dB — (20 dB)log(5 kHz)/1 kHz) = 60 dB — (20 dB)(0.7) = 46 dB
Av(dB) =20 log Av

A
4,= log™| X2 =1og“(ﬂ9) =200
20 20

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 57 through 72 are available in the
Solutions folder for Chapter 12 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

57. Ryopen
58. R; open
59. Rrleaky

60. R; shorted
61.  Ryshorted

62. Op-amp input to output open
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63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Rrleaky
R; leaky
R; shorted
R; open
Rsopen
Rrleaky
Ryopen
Ry shorted
R; open

R;leaky
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Basic Op-Amp Applications

Section 13-1 Comparators

1. Voutpy = AotVin = (80,000)(0.15 mV)(1.414) =16.9 V
Since 12 V is the peak limit, the op-amp saturates.
Voutppy = 24 'V with distortion due to clipping.

2. (a) Maximum negative

(b) Maximum positive
(c) Maximum negative

R 18kQ
3. Vup=|—2—|#10V)=| ——= |10V =277V
o (R R )( ) (65k(2)

LY

R 18kQ
Vit = 2 —10V)=| —=|(-10V) =-2.77V
L [R1+R2J( ) (65k(2)( )

4. VHYS = VUI‘P —Virp= 277V - (—277 V) =554V

5. See Figure 13-1.

+1V ——— +2V=-——~
/\ +1v._/£:>\_ ______
0 " \/

+8V +10V
Vou 0 Yo 0

-8V SUAEE
(@) ()
Figure 13-1
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6.  Vim= ( e )(+ V,,,,,(,,,,,x,){@)uv =388V

R +R,
VLTP =-3.88V
VHYS = VUTP - VLTP =388V - (—3.88 V)

R 68kQ
Vi = 2 +V =| ———
o (R R )( outna) (218k§2

51kQ

1 T 15
Vip=-343V
VHYS = VUTP - VLTP =343V - (—3.43 V)

7. When the zener is forward-biased:
Vous = (&) Vouw =07V
18kQ +47kQ
Vour = (027710 — 0.7V
Vo1 -0.277)=-0.7V
-0.7V

= —— =-0968V
1-0.277

out

When the zener is reverse-biased:

Vout= ‘_“l‘g‘ls‘gl_‘_ Vout +62V
18kQ + 47 kQ

Vour = (0.277)Voue + 6.2V
Voul(1 =0.277) =+6.2 V
_ +62V

= ——— =4857V
1-0.277

out

10kQ +47kQ

=776V

JIIV =343V

=686V

8. Vo = (—-——1—0—153——-) V., t@71V+0.7V)

Viu = (0.175)Vue £ 5.4V

+
Vout= _:_S;iy__ = i6.55 V
1-0.175

Vore = (0.175)(+6.55 V) = +1.15 V
Vire = (0.175)(-6.55 V) =-1.15V
See Figure 13-2.

-6.55V

Figure 13-2
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Section 13-2 Summing Amplifiers

R
9, (@) Vour = —?f(+1V+1.5V) =-11V+15V)=-25V
R 22kQ
Vour= ——L(0.1V+1V+05V) = - =2=°(1.6 V) =-3.52V
(®) Vour = ~=L( )= 1o 16V

1

10. (@) V=1V
VRZ =18V

v
T = ——— =455 uA
(b) I 22 KO H
1.8V
Tp= —0" =818
B 0k0 HA

Ii=1In + Iy =45.5 yA + 81.8 uA =127 pA

(©) Vour=—-IRy=—(12727 uA)(22 kQ) =-2.8 V

R,
.  sv,=|-Ll,
R

R, _

R
Ry=5R =5(22kQ) =110 kQ

12. See Figure 13-3.
10kQ 1.25kQ

10 kQ

10kQ Vo
| |
| 1
| I
| |

I 10kQ
8

Figure 13-3

e e

_ _[(rokQ), |, (10kQ),,  (10kQ),(,  (10kQ \
10kQ 33kQ 91kQ 180kQ

=—2V+091V+033V+033V)=-357V

13.

w

;- Vour _357V _aen o
R, 10kQ
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- ]

14. R;=100 kQ
Input resistors: R; =100 kQ, R, =50 kQ, R; = 25 kQ, R, = 12.5 kQ,
Rs;=6.25 kQ, R = 3.125 kQ

Section 13-3 Integrators and Differentiators

15. Wow _ Vi _ A =—4.46 mV/us

dt  RC  (56kQ)(0.02 1F)

16. See Figure 13-4.

+10V

Vour 0
-0V I
Figure 13-4
cv
1. = (0.001 F)(5V) _ 1 mA
T/2 10 us/2
18. Vour = = RC] 5’5— =+(15kQ)(0.05 uF) 2V ). +3V
T/2 0.5ms
See Figure 13-5.
+1V-—-——===--
Vin !
0 i /
|
I
v / : \/
I 1 1
| | 1
| I |
3V ' ' I
Youw 0
-3V ——
Figure 13-5
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19. For the 10 ms interval when the switch is in position 2:
AVour _ Vi _ 5V __ 5V
At RC  (10kQ)10uF)  O.s
AV, = (=50 mV/ms)(10 ms) = =500 mV =-0.5 V
For the 10 ms interval when the switch is in position 1:
AVoi _ Vv _ -5V __ -5V
At RC  (10kQ)10uF)  0.1s
AV, = (+50 mV/ms)(10 ms) =+500 mV =+0.5 V
See Figure 13-6.

=-50 V/s =-50 mV/ms

=450 V/s =+50 mV/ms

0 ms 10 ms 20 ms 30 ms 40 ms

Figure 13-6

Section 13-4 Troubleshooting

20. Vg = v +W,+07V
B (R1+R2] out ( z )

_ £V, +0.7V)

1- Ry
R +R,

Normally, Vg should be
_+(@3V+07 V)

1-0.5
Since the negative portion of V3 is only —1.4 V, zener D, must be shorted:

_—(0V+0.7V)
1-05

Vs

Vs =+10V

Vs =14V

21. The output should be as shown in Figure 13-7. ¥, has no effect on the output. This indicates
that R, is open.

—1 V m—

Figure 13-7
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.

22.

23.

_25kQ _

——F =025
10kQ2

\4

The output should be as shown in Figure 13-8. An open R, (¥, is missing) will produce the
observed output, which is incorrect.

' .
—05VEN------ b

25V|-======

Figure 13-8

The D, input is missing (acts as a constant 0). This indicates an open 50 kQ resistor.

System Application Problems

24.

25.

26.

The first thing that you should always do is visually inspect the circuit for bad contacts or
loose connections, shorts from solder splashes or wire clippings, incorrect components, and
incorrectly installed components. In this case, after careful inspection, you will find that the
middle op-amp IC is installed incorrectly (notice where pin 1 is as indicated by the dot).

An open integrator capacitor will cause the output of IC2 to saturate positively.

If a 1.0 kQ resistor is used for R;, the output of IC2 will be ten times larger for the sample-
and-hold operation most likely causing the integrator to ramp into saturation.

Advanced Problems

27.

28.

29.

For a 7418 op amp with a 12 V/us slew rate and 500 kHz sample pulse rate, the ramp up and

ramp down must take
1
T= =2
s00ktz
With a fixed interval of 1 us for ramp up, this leaves a 1 us ramp down interval.
If —Vzer = —8 V as in the system application, with a —8 V/us ramp down rate, the ramp down
can accommodate an 8 V ramp-up peak corresponding to +8 V input. However, if full slew

rate is utilized as a —12 V reference voltage is used, a +12 V input can be accommodated.

A maximum of +0.5 can be used.

100 mV/us =5 V/R,C

5V
C=—2>Y =50
00mvis 0
For C =3300 pF:
= 0B 1515k =15kQ+150 Q
3300 pF
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For a 5 V peak-peak triangle waveform: ﬁ
SV 3300 pF
tramp up = lrampdown = —————— = 50 HS R; P
100 mV/us 15k 150Q |,
T=2(50 us) =100 s Vi o— AW 7
fin=1/100 us =100 kHz R, oL oV,
See Figure 13-9. 34 MC1741
-E 4

10kQ

Figure 13-9

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 30 through 39 are available in the
Solutions folder for Chapter 13 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

30. R, open

31. Op-amp inputs shorted together

32. Op-amp + input to output shorted

33. D, shorted

34. Top 10 kQ resistor open

35. Middle 10 kQ resistor shorted

36. Ryleaky
37. Rropen
38. C leaky
39. C open
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Chapter 14
Special-Purpose Op-Amp Circuits

Section 14-1 Instrumentation Amplifiers

R 100 kQ

1. Ap=1+L=1+ =101
R4 1.0kQ
Av(z)’: 1+ 52—=1+ 100 k02 =101
R 1.0kQ
2 Ag=1+ R 20K oy
Rg 1.0kQ
3. Vour= A Vinzy = Viny) =202(10 mV -5 mV)=1.005V
4. A,=1+ 2R
G
R,
G
Ro= 2R _ 2(100 kQ) _ 200 kQ _ 2002 O =200 O
4,-1 1000-1 999
s, R = 50.5kQ
4, -1
A= 50.5kQ +1=515
1.0kQ
6. Using the graph in textbook Figure 14-6,
BW =300 kHz
7. Change Rg to
Rq = 50.5kQ _ 50.5kQ =22 KO
A4, -1 24 -1
3. Ro = 50.5kQ _50.5 kQ - 27 KO
4,-1 20-1
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Section 14-2 Isolation Amplifiers

9. Ay = (30)(10) = 300

R
10 (@) A= -TL1=18K2 5,
R, 8.2kQ
R
A= T 0K
R, 15kQ
Aon = Aydyy = (3.2)(11) = 35.2
R
() 4, = ATE S SRS E
R, 1.0kQ
R
A= S TR s
R, 15kQ

Avory = Andyr = (331)(4.13) = 1,367

11. A, =4.13 (from Problem 10)

AnA,, =100

S nma, =190 g
R, 4.13

Change R, (18 kQ) to 23.2 kQ.

Use 23.2 kQ + 1% standard value resistor.

12. Ay =331 (from Problem 10)
Alevz = 440

i+1=Av2—ﬂ—133
B 331

Change R, (47 k) to 3.3 kQ.
Change R; (15 kQ) to 10 kQ.

13. Connect pin 6 to pin 10 and pin 14 to pin 15.

Section 14-3 Operational Transconductance Amplifiers (OTAs)

14. gn= Lo =M =1mS
V, 10mV
15. Lous = guVin = (5000 £S)(100 mV) =500 A
Vour = IR = (500 A)(10 kQ) =5V
I
16. = 2
7
Low = gnVin = (4000 £S)(100 mV) = 400 LA
R, = Vou = 35V =8.75kQ
I,, 400uA
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17.

18.

19.

+12V-(-12V)=07V _+12V—-(-12V)-0.7V _ 233V
Rias 220kQ 220kQ

From the graph in Figure 14-44:
8m = Klpias = (16 uS/uA)(106 pA) =1.70 mS

=106 uA

Igias =

A,= I:;"’ = L»_th& = g.R. = (1.70 mS)(6.8 kQ) = 11.6

The maximum voltage gain occurs when the 10 kQ potentiometer is set to 0 Q and was
determined in Problem 17.
Av(max) =11.6
The minimum voltage gain occurs when the 10 kQ potentiometer is set to 10 kQ.
+12V-(-12V)-0.7V _ 233V _ 101 4A

220kQ +10kQ 230kQ
2n= (16 uS/uA)(101 pA) =1.62 mS
Ayiminy = gnRr = (1.62 mS)(6.8 kQ) = 11.0

Igias =

The Vyuop waveform is applied to the bias input.
The gain and output voltage for each value of Vyop is determined as follows using

K =16 uS/uA. The output waveform is shown in Figure 14-1.

For VMOD =+8 V:

+8V-(IV)-07V 163V _ 0
39kQ 39kQ

@ = Klgins = (16 1S/uA)(@18 uA) = 6.69 mS

Igias =

4= % _ Ivgi = g.R. = (6.69 mS)(10 kQ) = 66.9

in in

Vou = AV = (66.9)(100 mV) = 6.69 V

For VMOD =+6V:
16V —(-9V)-0.7V 143V
39kQ 39kQ

8m = Klgias = (16 uS/uA)(367 pA) = 5.87 mS

=367 uA

Ipias =

Vi LuR
A= ="l = g,Ry = (5.87 mS)(10 kQ) = 587

in in

Vout = AvVin = (587)(100 mV) =587V
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For Vmop =14 V:
+4V-(-9V)-0.7V _ 123V =315 uA
39kQ 39kQ
&n = K[BIAS = (16 ,US/[IA)(?’IS [lA) =5.04 mS
v IoutRL

A,= o= SL = g, Ry = (5,04 mS)(10 kO) = 50.4

in in

Vout = AvVin = (504)(100 m\O =5.04V

Igias =

For Vyop = 1t2 V:

+2V-(-9V)-0.7V 103V
39kQ "~ 39kQ

gn = Klgias = (16 1S/uA)(264 pA) = 4.22 mS

A= Vou TouBRe _ o p (422 mS)(10 k) = 42.2

V. V.

in in

Vou = A Vin = (42.2)(100 mV) = 4.22 V

IBIAS = =264 IUA

out

For VMOD=+1 V:
_+1V-(-9V)-0.7V 93V

Isias = = =238

BIAS 39kQ 39kQ HA

@n = Klgias = (16 18/uA)(238 pA) = 3.81 mS

A,= %‘ﬂ:% = g,R, = (3.81 mS)(10 kQ) = 38.1

in in

Vour =4,V = (38.1)(100 mV) =381 V

+6.69 V————pq-[ [-———————————=—==—————————— g CT——
+587V—-—= TV ET ﬂ

+5.04 V ———=FHHHFRAHHE R - u

:;‘;ﬁ%i:::::':: LA TR L HE I ﬁﬁWﬂN\ﬁn

Figure 14-1

+9V—(—9V)—0.7V=17.3V — 444 JA
39kQ 39kQ

Virige) = IniasRi = (444 pA)(10 kQ) = +4.44 V
Virioe) = —ToiasRi = (—444 pA)(10kQ) = —4.44 V

20. Igias =
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21. See Figure 14-2.

+10VEF--=
+44V

|
Vi 0 |

-44Vi-b----—-

10V|-d+------

+4.4V

Vou 0

-44V

Figure 14-2
Section 14-4 Log and Antilog Amplifiers

22. (a) In(0.5)=—-0.693
(b) In(2) = 0.693
(c) In(50) =3.91
(d) In(130) = 4.87

23. (a) log;0(0.5)=-0.301
(b) 10g10(2) =0.301
(c) logio(50)=1.70
(d) log;o(130) =2.11

24, Antilog x = 10" or ¢*, depending on the base used.
INV In=¢"%=4.95
INV log =10"°=39.8

25. The output of a log amplifier is limited to 0.7 V because the output voltage is limited to the

barrier potential of the transistor’s pn junction.

VRJ

26. Vour = —(0.025 V)In| (

= —(0.025 V)In ((100 AE2 m)) =—(0.025 V)In(365.9) = 148 mV
27.  Vouz=—(0.025 V)ln( ]
EBO in
_ 1.5V - _
= —(0.025 V)In ((60 @ kQ)) (0.025 V)In(531.9) = -157 mV
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28.

29.

Vi
i Vi 25mv
Vour = —RfIEBo antllog( > mV) =—-R ; IEBO e( 25 VJ

0225V

Ve = —(10 kQ)(60 nA) e[m) = (10 kQ)(60 nA)e® = —(10 kQ)(60 nA)(8103) = —4.86 V

V.
Voutimaxy = — (0.025'V) ln(—"'—J =—(0.025V) ln(—lv—————J

EBOLVin (60nA)(47kQ)
=—(0.025 V)In(354.6) = —147 mV
Voutoi = — (0025 V) h{L] - (0.025V) m(M_J
EBOtin (60nA)(47kQ)

=—(0.025 V) In(35.5) = -89.2 mV

The signal compression allows larger signals to be reduced without causing smaller
amplitudes to be lost (in this case, the 1 V peak is reduced 85% but the 100 mV peak is
reduced only 10%).

Section 14-5 Converters and Other Op-Amp Circuits

30.

31.

@) Vin=V,=47V
Ve 47V
L=-X

== =47mA
R, 10kQ
10kQ
Vn=|——[12V =6V
® o= (2]
R;=10kQ[ 10kQ+100Q =5.1kQ
L="n_ %V _i3ma
R, 5.1kQ

See Figure 14-3.

Figure 14-3
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Troubleshooting Problems

32.

33.

The circuit on this board is represented by the schematic in textbook Figure 14-38.
For the isolation amplifier IC;:

A= R 2 330KQ L 3ga1-a84
R, 86 kO
Ay = —R—5+1=120kQ +1=22
R, 100kQ
Av(totab = AleVZ = (4~84)(2.2) = 106
For the 1C, filter:
Av(mid)= &+1= 3.3kQ +1=0.59+1=1.59
R, 5.6kQ
fo= L ! = 106 Hz, so the 50 Hz input is in the midrange.
27RC  272(100kQ)(0.015 4F)
For IC;:
A,= Ris + Rig _125kQ 125, assuming R is set at 25 kQ.
R,  1.0kQ

TP 1 is at the output of IC;:
Vip1=(1.59)(10.6 mV) =16.9 mV @ 50 Hz
TP 2 is at pin 2 of IC,:

5.6kQ
Vsz = (WJVTP] =10.6 mV @ 50 Hz

TP 3 is at the output of IC;:

VTP3 = Av(tot)Vin = (106)(1 mV) =10.6 mV @ 50 Hz
TP 4 is at the supply voltage of +15 V DC.

TP 5 is at the output of IC;:

Vips=A,Vrp1 = (125)(16.9 mV) =2.11 V @ S0 Hz

The IC, filter was found in Problem 32 to have a critical frequency of 106 Hz. Therefore, the
1 kHz input signal is outside of the bandwidth.

VTP 1= ov

VTP 2= ov

The voltage gain of IC; was found in Problem 32 to be 10.6.

Vip3=(10.6)2 mV)=21.2mV @ 1 kHz

VTP 4= +15VDC

VTP 5= ov

132



Chapter 14

m

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 34 through 38 are available in the
Solutions folder for Chapter 14 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

34, RG leaky
35. R open
36. Ryopen

37. Zener diode open

38. Lower 10 kQ resistor open
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Chapter 15
Active Filters

Section 15-1 Basic Filter Responses

1. (a) Band-pass
(b) High-pass
(c) Low-pass
(d) Band-stop

2. BW=f,=800 Hz
1 1
3. f.= = =48.2 Hz
27RC  27(2.2k)(0.0015 uF)
No, the upper response roll-off due to internal device capacitances is unknown.
4. The roll-off is 20 dB/decade because this is a single-pole filter.

5. BW=/f, —fu=3.9kHz - 3.2 kHz = 0.7 kHz = 700 Hz
fo= A/ fufm =+(3.2kHz)(3.9kHz) =3.53 kHz

o= fo 353Kz _ 4,
BW  700Hz
fo
6. =20
% 3w

fo=0(BW)=15(1 kHz) = 15 kHz
Section 15-2 Filter Response Characteristics

7. (a) 2nd order, 1 stage

DF=2—§=2—-1—'@=2—1=1 Not Butterworth

R, 1.2kQ
(b) 2nd order, 1 stage
DF=2 - Ry =2- 360Q 2-0.56=1.44 Approximately Butterworth
R, 1.0kQ
(c) 3rd order, 2 stages, 1st stage (2 poles):
DF=2— _&=2_@ =1.67
R, 1.0kQ
2nd stage (1 pole):

DF=2— % =1.67 Not Butterworth

7
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8. (a) From Table 15-1 in the textbook, the damping factor must be 1.414; therefore,
B 0.586
R

4
R;=0.586R, = 0.586(1.2 kQ) =703 Q
Nearest standard value: 720 Q

R3
— =0.56
® 2
This is an approximate Butterworth response

(as close as you can get using standard 5% resistors).

(c) From Table 15-1, the damping factor of both stages must be 1, therefore
R
R,

R3 = R4 = R(, = R7 =1kQ (fOT both stages)
9. (a) Chebyshev
(b) Butterworth

(c) Bessel
(d) Butterworth

Section 15-3 Active Low-Pass Filters

10. High Pass

1st stage:

DF=2— £=2_% =1.85
R, 6.8kQ

2nd stage:

DF=2— &=2—w =0.786
Rq 5.6kQ

From Table 15-1 in the textbook:
1st stage DF = 1.848 and 2nd stage DF = 0.765

Therefore, this filter is approximately Butterworth.
Roll-off rate = 80 dB/decade

1 1 1
272JR,R,C,C, 27\[RR,C;C, 27\/(4.7kQ)(6.8kQ)(0.22 uF)(0.1 4F)

12. R=R1=R2=R5=R6andC=C1=C2=C3=C4
Let C=0.22 uF (for both stages).

1 1
. 2xJR2C?  27RC

1 1
R= =
27f.C  27(190Hz)(0.22 uF)
Choose R = 3.9 kQ (for both stages)

=3.81kQ
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13. See Figure 15-1.
0.22 uF 0.22 pF 0.22 uF

I
47kQ | 68kQ
47kQ | 6.3kQ

——0
10kQ
= 6.8kQ
Figure 15-1
14. See Figure 15-2.
— 2-Pole — — 1-Pole |—
(@) ®
— 1-Pole — 2-Pole —
©
— 1-Pole —— 2-Pole — 2-Pole —
@
— 2-Pole —— 2-Pole —— 2-Pole |—
@©
Figure 15-2
Section 15-4 Active High-Pass Filters
15. Exchange the positions of the resistors and the capacitors. See Figure 15-3.
47kQ 47kQ
AV~ MW
022 uF | 0.1 uF
O_‘ P___I (_* 022 pF | 0.1 yF
- :
1kQ 6.8kQ
%6.8 kQ 6.8kQ 6.8kQ 56kQ

Figure 15-3
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1
 272RC

190 Hz
jb =

16. f.

=95 Hz

1 1
27f,C 27(95Hz)(0.22 4iF)
Let R =7.5 kQ. Change all resistors to 7.5 k(2.

=7615Q

17. (a) Decrease R, and R, or C; and C,.
(b) Increase R; or decrease R,.

Section 15-5 Active Band-Pass Filters

18. (a) Cascaded high-pass/low-pass filters
(b) Multiple feedback
(c) State variable

19. (a) 1st stage:

fa= L _ ! =3.39 kHz
27RC 27(1.0kQ)(0.047 4F)

2nd stage:

Je2 ! L =7.23kHz

" 2RC 272(1.0k0)(0.022 4F)

Jo= \/fclfcz =./(3.39kHz)(7.23kHz) =4.95 kHz
BW =723 kHz —3.39 Hz = 3.84 kHz

(b)f= 1 R1+R2 _ 1 47kQ +1.8kQ _
°" 2C\RR,R, 27(0.022 1FF) | (47 kQ)(1.8kQ)(150 kQ)
Q = 7foCRs = n(449 Hz)(0.022 1F)(150 kQ) = 4.66

BW = % A0z o i Ha

(c) For each integrator:

1 1
fe 27RC  27(10 kQ)(0.001 4F)

fo=fo=15.9 kHz
0= 1(5“}:1(5601‘9“]—1(56“) - 19

=1.59 kHz

3\ R, 3l10kQ )3
BW=IQ£=15.91ﬂ =838 Hz
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20.

YA
=3[

Select Rg = 10 kQ.

0= R +1=R5 + Ry

3R, 3 3R,
3R6Q=R5 +R6
Rs = 3RO — Rs = 3(1.0 kQ)(50) — 10 kQ = 150 kQ — 10 kQ = 140 kQ
fo= ! =133 kHz

272(12kQ)(0.01 4F)
pw=Jo _133KHZ _ 0 ot

0 50

Section 15-6 Active Band-Stop Filters

21.

See Figure 15-4.

LP

State
O—— variable R
filter
—————O

HP

Figure 15-4

1

Jo=Je= 2are

Let C remain 0.01 4F.
_ 1 1 _
© 24f,C  27(120Hz)(0.01 4F)
Change R in the integrators from 12 kQ to 133 kQ.

33 kQ

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 23 through 31 are available in the
Solutions folder for Chapter 15 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

23.

R, shorted
R; open
C; shorted

Rs open
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27. R; open

28. R, shorted

29. R; open
30. C, open
31. R; open
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Chapter 16
Oscillators

Section 16-1 The Oscillator

1.

2.

An oscillator requires no input other than the dc supply voltage.

Amplifier and positive feedback circuit

Section 16-2 Feedback Oscillator Principles

3.

Unity gain around the closed loop is required for sustained oscillation.
Ag=4,B=1

B= 1.1 =0.0133
A4, 75

14

To ensure startup:

Acl >1

since 4, = 75, B must be greater than 1/75 in order to produce the condition
A,B>1.

For example, if B = 1/50,

1
AB=175—|=15
o (SOJ

Section 16-3 Oscillators with RC Feedback Circuits

fr= L _ ! =1.28 kHz
27RC  27(6.2k)(0.02 uF)
R, =2R,
L= &=100kﬂ — 50 KQ
2 2

When dc power is first applied, both zener diodes appear as opens because there is
insufficient output voltage. This places R; in series with R, thus increasing the closed-loop
gain to a value greater than unity to assure that oscillation will begin.

Ry=(4,— D(Rs + 7)) = (3 — 1)(820 Q + 350 Q) = 2.34 kQ
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1

1 k) 0015 &)

=10.6 kHz

11. B=

Ry=AgR; = 29(4.7 kQ) = 136 kQ

fi= 1 =6
" 272J6((4.7kQ)(0.02 1F))

91 Hz

Section 16-4 Oscillators with LC Feedback Circuits

12. (a) Colpitts: C, and C; are the feedback capacitors.
1

fim ———
27\ L,Cy
Cr= C,C; _ (100 4F)(1000pF) _ 90.9 pF
C, +C, 1100 pF

1
= =2
5 27/(5mH)(90.9 pF)

36 kHz

(b) Hartley:
1

ﬁ: [
27n,\JL;C,
LT=L1 +L2= 1.5mH+10mH=11.5mH
1

f= =68.5 kHz
27,/(11.5mH)(470 pF)
13. = 9PF 106
470 pF
The condition for sustained oscillation is
A,= 1 = L 9.4
B 0.106

Section 16-5 Relaxation Oscillators

14. Triangular waveform.
=L (R L (561@): 1.61 kHz
4R,.C\ R, ) 4(22k)(0.022 uF)\ 18kQ

141



Chapter 16

15. Change f'to 10 kHz by changing R;:

1 (R
/= 4Rc(?€2_)
1 3

_ 1 (R 1 (56ij=3.54kQ
4fC\ R, ) 4(10kHz)(0.022 1F) | 18kQ
VoV
16. T=-2_°
2N
RC
V,= Rs 12V=(47k9)12v=3.84V
R, + R, 147kQ

PUT triggers at about +3.84 V+ 0.7V =454V
Amplitude =+4.54 V-1V =354V

Vin = (R R, ](—12V)=( 22k )(—12\7) =216V

.+ R, 122kQ
454V -1V
T= =328
2.16V e
(100 k2)(0.002 4F)
el =305kHz

T 328us

See Figure 16-1.
VO\ll

454V

1v

0 328 ps
Figure 16-1

17. Ve=5V. Assume Vax =1 V.
Vs = Rs 12V
R, +R;
Change Ry toget Vg=5V.
5V(Rs+47kQ)=(47kQ)12V
R(5V)=@47kQ)12V-(47kQ)SV
(12V -5V)47kQ — 65.8 kO
5V

R4=
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v, -V
18. T=-2_2
4N
)
v,= V—‘NT+VF= 3V 10us +1 V=738V
RC (4.7k)(0.001 uF)

Vopouy = Vp— Ve =738V -1V=638V
Section 16-6 The 555 Timer as an Oscillator

19. %VCC =%(1o V) =333V

%VCC =~§~(10 V) =6.67V

1.44 1.44

20, f= - = 4.03 kHz

(R, +2R,)C,, (1.0kQ+6.6kQ)(0.047 uF)
21. f= 1—44_

(R, +2R,)C,,,

ext = 144 = 1.44 =0.0076 ,uF
(R, +2R,)f (1.0kQ+6.6kQ)(25kHz)
22.  Duty cycle (dc) = ELREC TN 100%
1 H 20

dC(R] + 2R2) = (Rl + R2)100

75(3.3 kQ + 2R,) = (3.3 kQ + R,)100

75(3.3 kQ + 150R, = 100(3.3 kQ) + 100R,

150R, — 100R, = 100(3.3 kQ) — 75(3.3 kQ)

S0R, = 25(3.3 kQ)

_ 2533kQ)
50

R2 =1.65 kQ

EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 23 through 28 are available in the
Solutions folder for Chapter 16 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

23. Drain-to-source shorted

24, C; open

25. Collector-to-emitter shorted
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26. R, open
27. R, open
28. R, leaky
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Chapter 17
Communications Circuits

Section 17-1 Basic Receivers

1. See Figure 17-1.

Figure 17-1

2. See Figure 17-2.

Antenna

Speaker

Figure 17-2
3. Jfio =680 kHz + 455 kHz = 1135 kHz
4. fio=97.2 MHz + 10.7 MHz = 107.9 MHz

5. Jrr=101.9 MHz - 10.7 MHz = 91.2 MHz
fir=10.7 MHz (always)
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Section 17-2 The Linear Multiplier

6.

10.

11.

@ Vouz=-25V
®) Vouz=-16V
©) Vourz=z+1.0V
d) Vouz=+10V

|-12v|-07V 113V
3= = =739 LA
(12kQ+2.8kQ)+500Q  15.3kQ
2R, 2(6.8kQ)

Using /; from Problem 7: K= 128

R R,I, (12kQ)12KQ)(739 pA)
Vo= KVVy=0.8(+3.5 V)(-2.9 V) = -8.12 V

Connect pin 4 to pin 9 and pin 8 to pin 12. Apply the input between pins 9 and 12. For a
“true” squaring circuit, the component values must produce a K = 1.

@) Vou=KViV,=(0.1)+2 V)(+1.4 V) =+0.28 V

(®) Vou=KVVy= KV?(0.1)(-32V)? =+1.024 V

©) Vou= ~ Vl = (62 V)
v, -3V

(d) Vou = \/ﬁ =462V =4+249V

=+2.07V

Section 17-3 Amplitude Modulation

12.

13.

14.

Jaig= /1 —f> =100 kHz — 30 kHz = 70 kHz
Saum =f1 +f2=100 kHz + 30 kHz = 130 kHz

fi= dcycles _ 9000 cycles/s = 9 kHz
1ms
f= Leycle _ 1000 cycles/s = 1 kHz

Jag=fi—f,=9kHz - 1kHz =8 kHz
f;um=f1 +ﬁ=9kHZ+1kHZ=10kHZ

£,=1000 kHz

far= 1000 kHz — 3 kHz = 997 kHz
foum = 1000 kHz + 3 kHz = 1003 kHz
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15.

16.

17.

18.

fi= 18cycles _ 1 8 MHz
10 us

h=1oele 60 kg
10 us

fup=rfi —f=1.8 MHz - 100 kHz = 1.7 MHz
Fum=fi + f-= 1.8 MHz + 100 kHz = 1.9 MHz
£.=1.8 MHz

f.=1.2 MHz by inspection
S =Je—Jar=1.2MHz — 1.1955 MHz = 4.5 kHz

Sy + Fom  847kHz + 853kHz
fo= S :

Ju =t —fay= 850 kHz — 847 kHz = 3 kHz

=850 kHz

]2,'[[/(,,,,‘,,) =600 kHz — 3 kHz = 597 kHz
Jaigmaxy = 600 kHz — 300 Hz = 599.7 kHz
Ssumminy = 600 kHz + 300 Hz = 600.3 kHz
JSsummaxy = 600 kHz + 3 kHz = 603 kHz
See Figure 17-3.

597 kHz. 599.7kHz 600 kHz 600.3 kHz 603 kHz

Figure 17-3

Section 17-4 The Mixer

19.

20.

(sin A)(sin B) = —;—[cos(A — B)—cos(4 + B)]

Viy =02 V sin [22(2200 kHz)/]
Vi) = 0.15 V sin [22(3300 kHz)/]

ViuyViny = (0.2 V)(0.15 V) sin [22(2200 kHz)¢] sin [22(3300 kHz)/]

~ (0.2V)(0.15V)

Chapter 17

Vou = BT [cos 22(3300 kHz — 2200 kHz) — cos 27 (3300 kHz + 2200 kHz)/]

Vou =15 mV cos [27(1100 kHz)7] — 15 mV cos [22(5500 kHz)]

Jir = fio —f. = 986.4 kHz — 980 kHz = 6.4 kHz
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Section 17-5 AM Demodulation

21.  See Figure 17-4.

435kHz 455kHz 475kHz  1480kHz 1500kHz 1520kHz
Figure 17-4
22, See Figure 17-5.

23. See Figure 17-6.

435kHz 455kHz 475kHz 20 kHz

Figure 17-5 Figure 17-6
Section 17-6 IF and Audio Amplifiers

24. f.—f,=12MHz-8.5kHz=1.1915 MHz
fo+ fu=1.2MHz + 8.5 kHz = 1.2085 MHz
f.=1.2MHz ,
fio — fn =455 kHz — 8.5 kHz = 446.5 kHz
fio+ fn =455 kHz + 8.5 kHz = 463.5 kHz
fio=455 kHz

28. The IF amplifier has a 450 kHz to 460 kHz passband.
The audio/power amplifiers have a 10 Hz to 5 kHz bandpass.
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C, between pins 1 and 8 makes the gain 200.
With R, set for minimum input, V;, =0 V.

Voutminy = AvViniminy = 20000 V) =0V

With R, set for maximum input, V;, = 10 mV rms.
Voutimaxy = AvVingmary = 200(10 mV) =2 V rms

Section 17-7 Frequency Modulation

217.

28.

29.

The modulating input signal is applied to the control voltage terminal of the VCO. As the
input signal amplitude varies, the output frequency of the VCO varies proportionately.

An FM signal differs from an AM signal in that the information is contained in frequency
variations of the carrier rather than amplitude variations.

Varactor

Section 17-8 The Phase-Locked Loop (PLL)

30.

31.

32,

33.

See Figure 17-7.

Figure 17-7

(a) The VCO signal is locked onto the incoming signal and therefore its frequency is equal to
the incoming frequency of 10 MHz.

ViV og g (250mV)(400mV)

b) Ve= "2° cos b, 5 c0s(30° —15°) = (0.050)(0.966) = 48.3 mV
Af, =+3.6 kHz, AV,=+0.5V
ko N _+36kHz _ oy
AV, +05V
K=15kHz/V, AV,=+0.67V
K — Afo
AV,

Af, = KAV, = (1.5 kHz/V)(+0.67 V) = 1005 Hz
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For a PLL to acquire lock the following conditions are needed:

34.
(1) The difference frequency, fo — f; must fall within the filter’s bandwidth.
(2) The maximum frequency deviation of the VCO frequency, Af..., must be sufficient

to permit f, to change to equal f;.

The free-running frequency:
1.2 1.2 233 kHz

o= ARG, " ABIKQ)G0pE)

The lock range:
81, _y 8(233 kHz) . 1.864 MHz _ 1104 KHz

ock = T ==t
Joc Vee 18V 18V
The capture range:

f = +L 27#‘Iock
T2z | 3600%C,

27(103.6kHz)
3600 x 0.22 uF

3s.

o\ 792 4F

] L1 [650.9kHzJ 1456 KHL
2

There are no EWB/Multisim Troubleshooting Problems in this chapter.
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Chapter 18
Voltage Regulators

Section 18-1 Voltage Regulation

k.
.

w

Percent line regulation = AVour 100% = (m 100% = 0.0333%
AV 6V

1V,
Percent line regulation = (AV—OZT——EJI 00% = (g—m;i/lﬂ)l 00% = 0.00417%/V
N

v, -9,
Percent load regulation = Y Ve 100% = (MJIOO% =1.01%
AV 9.90 V

From Problem 3, the percent load regulation is 1.01%. For a full load current of 250 mA, this
can be expressed as

0,
LOT% _ o 00404%/mA
250 mA

Section 18-2 Basic Series Regulators

5.

See Figure 18-1.

Input © eclznmt;ﬁlt o Output
Reference Error Sampling
voltage detector circuit
L L
Figure 18-1
Vour = [1 + I;—ijREF = (l + %) 24V =103V
Vour = (1 + ﬁ—zjVREF = (1 + ;gkkg)24 V =851V
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10.

11.

For R; =2.2kQ:
R 5.6kQ
Vour= |1+ =% Vg =| 1+ 24V =85V
out ( RJREF ( 2.2kQ)
For R; =4.7kQ:

R 5.6kQ
Vour= |1+ =2 V.. =1+ 24V =523V
out [ R]REF ( 4.7k.Q]

3

The output voltage decreases by 3.27 V when R; is changed from 2.2 kQ to 4.7 kQ.

R 5.6kQ
Vour= |1+ =2 Vo =|1+Z"222(27V =957V
ot ( R J e ( 2.2kQ)

3

0.7V
Il.(max) =
4

_ 07V _07mA
Iy 250mA

P= IR = (250 mAY’2.8 3=0.175 W, Usea 0.25 W.

=2.8Q

Ry

R=282 140
2
IL(max)= M=m =500 mA
R, 14Q

Section 18-3 Basic Shunt Regulators

12.

13.

14.

O, conducts more when the load current increases, assuming that the output voltage attempts
to increase. When the output voltage tries to increase due to a change in load current, the
attempted increase is sensed by R; and R, and a proportional voltage is applied to the op-
amp’s noninverting input. The resulting difference voltage increases the op-amp output,
driving Q; more and thus increasing its collector current.

_ AV, 1V
R, 100Q

R 10kQ
Vour= |1+ -2 Wepe =| 1+ ——= |51V =182V
ouT ( RJREF ( 3.9k§2)

4

 Vour 182V
By= 2o o

=10 mA

= —  =182mA
R,  1kQ

I, = Vour _182V 15.2 mA
R, 12kQ

AlL=152mA - 182mA=-3.0mA
A[S=—AIL =3.0 mA
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V_IN=_%§1 =250 mA
R, 100Q

Pri = I may Ry = (250 mA)’100 Q = 6.25 W

15. IL(max) =

Section 18-4 Basic Switching Regulators

t
16. Vour= | = |V}

ton = T_toﬁ’

r=1__1

= =0.01s=10ms
f 100Hz

Vour = (4ms]1zv =48V
10 ms

17. /=100 Hz, t,;= 6 ms
1 1

T=—= =10 ms
f 100Hz
ton=T—top=10ms — 6 ms =4 ms
t 4ms
dutycycle= -2 =—— =04
ey T 10ms

percent duty cycle = 0.4 x 100% = 40%
18. The diode D, becomes forward-biased when Q; turns off.

19. The output voltage decreases.

Section 18-5 Integrated Circuit Voltage Regulators

20.  (a) 7806: +6V
(b) 7905.2: 52V
(c) 7818: +18V
(d) 7924: —24V

R 10kQ
2. Vour= (1 + f]VREF + 1,0 R, =(1 + m—mjl.zs V + (50 pA)(10 kQ)

=137V+05V=143V
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1

22 Voutmn = — || 1 R”’”””V IR
. OUT(min) = — || 1+ R REF 1 4 ADI N2 (min)

Ryminy =0 Q
Voutmin = —(1.25V(1+0)+0) =-1.25 V

R tmas, 10kQ
Voutmax) = — [(1 + 2]; 2 ]VREF + IADJR2(max):| = —[1 25 V(l + 270 Q) + (50 A)(10 kQ)}

1

= —(1.25V(22.28)+0.5V)=-284V

23. The regulator current equals the current through R; + R,.

Vour _143V _ 4
R +R, 11kQ

IREG =

24, Pn=18V, Vour=12V
IREG(max) 2 mA VREF =125V

1=VREF 125V 6250
Ipgg 2mA
Neglecting Iap;:
Ver=12V-125V=108V
R, = Vs 108V —5.4KO
I " 2mA

For R, use 620 Q and for R, use either 5600 Q or a 10 kQ potentiometer for precise
adjustment to 12 V.

Section 18-6 Applications of IC Voltage Regulators

25. VRext(min) =07V

Rz TV _ 0TV _,eq
Iy 250mA

max

26. Vour=+12V

I = 12V =1200mA=12A
10Q

Iw=5 ~Im=12A-05A=07A
Pexe=Ie(Vin = Vour) = 0.7 A(15V =12 V) = 0.7 A3 V) = 2.1 W

27. VRlim(min) =07V Ry Oext
o——4¢ p-
Riimminy = 0.7V = m =035Q
Iext 2 A § Re
See Figure 18-2. ™ Ciim
* 7809
Figure 18-2 )
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29.

1.25V

500 mA
See Figure 18-3.

=25Q

Vmo—{ 317 ,

Figure 18-3

8V

500 mA
See Figure 18-4.

=16 Q

Va=-12Vo— 7908 ,

Figure 18-4

VREF =125V
The voltage divider must reduce the output voltage (12 V) down to the reference voltage
(1.25 V). See Figure 18-38 in the text.

R
VrEr = ! V,
REF (R1+R2J out

R _ Ve
R +R, Vour
Ry = R\(Vrer/Vour) + Ro(Vrer/Vour)
_ R — R (Vrer /Vour) _ R, (1+ Vrer Vour)
(Vrer /Vour) (Vrer /Vour)
Let R, =10 kQ2.
_ 10kQ(1-1.25 V/12V)
(1.25V/12V)

R,

R, =86 kQ2
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EWB/Multisim Troubleshooting Problems

The solutions showing instrument connections for Problems 31 through 34 are available in the
Solutions folder for Chapter 18 on the CD-ROM provided with the textbook. The solutions may be
accessed using the password EDSFLOYD. The faults in the circuit files may be accessed using the
password book (all lowercase).

31. R, leaky

32. Zener diode open

33. 0, collector-to-emitter open

34. R, open
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Results for System Applications






Results for
System Applications

Chapter 2

The Components
Transformer: 9 V rms
Diode: 1N5400, 1N4719, or MR500

Surge resistor: 1.0 Q
Fuse: 250 mA slow-blow
Filter Capacitor 6800 uF

Troubleshooting

Board 1: Fuse is open

Board 2: Diode open

Board 3: Third diode from top is open

Chapter 3

The Components

Regulator: 1N4733 5.1 V zener

Limiting resistor: 24 Q

Series resistors: 36 Q for LED, 330 kQ for photodiode
Fuse: 250 mA slow-blow

Troubleshooting

Board 1: Photodiode defective

Board 2: Filter capacitor open

Board 3: Zener is open and not regulating

Chapter 4

The Components
Bias resistors: 1/4 W

Qs collector resistor: 1 W max (depends on load of time delay circuit)

Relay: 12V, 55Q, 0.15 A (relay A)
Diode: 1N4002

Troubleshooting
Board 1: CE junction of Q, open
Board 2: CE junction of Q; open
Board 3: R,, shorted
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Chapter 5

Analysis of the Temperature-to-Voltage Conversion Circuit
At T=46°C: Vour=4.78 V

At T=50°C: Vour=6.54V

At T=54°C: Vour=7.06 V

The transistor is operating linearly.

The Power Supply Circuit

Resistors: Ri=1.0Q, R, =6.8Q, R;=56Q

Zener diodes: 1N4739,9.1 V; 1N4733, 5.1 V. The 9.1 V zener should have a heat sink if there is no
quaranteeed minimum load.

Troubleshooting

Board 1: Most likely a 9.1 V zener instead of a 5.1 V has been inserted.
Board 2: Thermistor open

Board 3: CE junction of transistor open

Chapter 6

Analysis of the Preamplifier Circuit
Input resistance: Rinqy=17 Q

Input power: P=362 uW

DC voltages:

VB(]) =19.3 V, VE(I) =1.23 V, VC(]) =929V
VB(Z) =1.88 V, VE(Z) =1.18 V, Vc(z) =7.54V
Total voltage gain: Max 4, =733, Min 4, = 145
DC current: 2.68 mA

Resistor power ratings: All 1/8 W

Lowest frequency: 935 Hz

The Power Supply Circuit
To adapt, change to a 12 V zener regulator such as a 1N4742.

Troubleshooting

Board 1: R is open, causing O, to saturate.

Board 2: Signal input, no signal output. No signal at collector of Q;, but dc voltage appears ok.
Most likely fault is open C;.

Board 3: Gain of stage 2 is approximately 4, which is much too low. C, is open.
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Chapter 7
The schematic for the circuit board is as follows:
+15Vo *
100 puF —%
= 5kQ 5kQ 5kQ
2N3797 2N3797 2N3797

Analysis of the pH Sensor Circuits

Input resistance: Rigminy = 10 x 10”2 Q

Rheostat: 4 kQ maximum, 2.76 kQ typical, 1.33 kQ minimum

Output voltage range: 5.32 'V to 8.52 V represent pH values from about 3.5 to about 9.5.

Troubleshooting
Board 1: @, is probably open although R, could be shorted.
Board 2: Voyr for sensor 2 is too high. The rheostat is probably miscalibrated or Q, is faulty.

Chapter 8
Basic MOSFET Amplifier Design

Drain-to-source voltage: Vpsminy =3 V, Vbsmaxy =9V
Voltage gain: Aymin)=2.25, Aymaxy = 4.50

Variation in Ipss from one FET to another will affect the Q-point of the circuit. Use of voltage-
divider bias rather than zero-bias will lessen the dependency of the Q-point on /Ipsgs.

Since g,, varies from one device to another, the voltage gain will also vary. To minimize the
influence of g,,, a swamping source resistor with a value much greater than 1/g,, can be used and the
drain resistor adjusted accordingly.

Amplifier Performance on the Test Bench
Measurement 1: Variation in Ipgs for Q; (larger for set 2)
Measurement 2: Variation in Ipss for Q, (larger for set 1)
Measurement 3: Variation in g, for O, (larger for set 1)
Measurement 4: Variation in g,, for O, (larger for set 2)

Set 1 Qy: Inss=2.53 mA, g,, =2070 uS
Set 1 Qy: Inss=4.12mA, g, = 2270 uS
Set 2 Qr: Inss=4.87 mA, g, = 1700 uS
Set 2 Oy: Inss=3.95 mA, g, =2780 uS

Using FETs with maximum g,, and typical Ipss, a FET amplifier with 118 stages is required to
achieve the same maximum gain of the bipolar junction amplifier.
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Results for System Applications

Recommendation

1. MOSFETs are not feasible replacements for the BJTs in this case.

2. Device variation in parameters make mass production impossible because circuit must be
“tweaked” to match the gains, unlike BJTs.

3. Retain the BJT because 118 FET stages are required to match the gain of the two-stage BJT.

Chapter 9

Analysis of the Power Amplifier Circuit

Input resistance: Rinmin) = 8 kQ

Voltage gain: 1360 (preamp and power amp combined)
Transistor power ratings: Not sufficient without the heat sink.

Troubleshooting

Board 1: The signal appears at the bases but not at the output. One of the darlington transistors is
faulty.

Board 2: There is no signal at either base of the darlington transistors, but the dc voltages are ok,
indicating that the bias transistor junctions are not faulty. Since there is a signal through C;, there is
no obvious fault other than an ac short to ground at both bases, which in unlikely. So, the scope
measurements are faulty. Perhaps the probe is not making contact with test points 2 and 4 or
something has happened to the scope between step 4 and step 5.

Chapter 10

Analysis of the Amplifier Circuit

First stage: fen = 2.31 Hz, foouy = 1.37 Hz, fpypass) = 12.7 Hz, fopypass) is dominant.
First stage: fen = 206 KHZ, fououy = 13.7 MHz, f 4 is dominant.

Second Stage: ﬂl(in) =1.37 Hz,f;-l(aut) =1.08 HZ,fcl(bypass) =17.9 HZ,f;l(bypass) is dominant.
Second stage: fuuiny = 450 KHzZ, fruouy = 12 MHz, £,y is dominant.

Overall lower critical frequency: 17.9 Hz

Overall upper critical frequency: 206 kHz

Overall bandwidth: approximately 206 kHz

Frequency Response on the Test Bench

Lower critical frequency: Calculated f; = 17.9 Hz, T'= 55.9 ms;

55.9 ms/5.5 div = 10.2 ms/div. Closest setting is 10 ms/div. The actual frequency being measured is
fa=1/(10 ms/div x 5.5 div) = 18.2 Hz

Upper critical frequency: Calculated f., =206 kHz, T=4.85 us;

4.85 us/5 div =0.97 us/div. Closest setting is 1 ps/div. The actual frequency being measured is fo, =
1/(1us/div x 5 div) = 200 kHz
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Chapter 11
Analysis of the Motor Speed-Control Circuit
PUT gate voltage of 0 V, assuming forward voltage of 0 V, and the potentiometer set at 25 kQ:

For the potentiometer set to 25 kQ, V, of the PUT is the same. With V5=0V,2V,4V,6V,

8V, and 10 V, the PUT conducts with V,=0.7V,2.7V,4.7V,6.7V,8.7V,and 10.7V
respectively. Since ¥, =7.13 V maximum for V=8 V and 10 V, the PUT never conducts and the
SCR never fires and the load voltage is zero. The voltages across the load resistor are as follows:

N

9

=)}
<
1
i
1
1
1
|

<

e - — = —

pivipip]

PUTgate=0Vv ¥ 13V ~-

156 V- -
413V - -
PUT gate=2V V.

R
103V-~—7~
PUTgate=4V W, ! r\
146V“'E"‘|/\
PUTgate=6V V. :
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Troubleshooting

Board 1: The 50 kQ resistor is open or the 1.2 k) resistor is shorted.
Board 2: The SCR is open.

Board 3: The SCR is shorted.

Board 4: The PUT is shorted.

Chapter 12

Analysis of the Audio Amplifier Circuit
Midrange voltage gain: Aymia)=46.8

Lower critical frequency: f;=15.4Hz

Bandwidth: BW =15 kHz

Maximum input: Vymaxy = 470 mV peak-to-peak
Speaker power: Poyqmaxy =3.78 W

Troubleshooting

Board 1: The op-amp is faulty, improper connection at pins 3 or 6, or supply not on.
Board 2: R;is open or BE junction of Q; is open.

Board 3: R; is open.

Chapter 13

Analysis of the ADC Circuit

Summing amplifier gain: A,=-1

Slope of integrator ramp +2 V input: AV, /At =2 V/us

Slope of integrator ramp -8 V input: AV,,/At=-8 V/us

Dual-slope output: Positive ramp from 0 V to +3 V in 1 us followed by negative ramp back to
0Vin 0.375 us.

Sampling rate: 571 kHz

Troubleshooting

Board 1: IC3 output stuck high.

Board 2: R, or R, is open.

Board 3: G, is shorted making IC2 a voltage follower.

Chapter 14

The Circuits

Isolation amplifier gain: A,y = R +1= 330kQ _ 38; Ay, = B +1= 120kQ 1.2; Aywop=4.6
R 86kQ R, 100 kQ

Filter bandwidth: =106 Hz

Filter gain: A,=1.59

Post amplifier gain: Aymin) = —100, Aymaxy = =150

Amplifier gain: Ayminy = —1750, Aymax) = —2620

Voltage range at position pot wiper: Viyin =-59.7mV, Vi = +59.7mV
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Troubleshooting

Board 1: Several faults can product no output including R;, open or IC3 output faulty or open.
Board 2: R or R, open.

Board 3: R;o open.

Board 4: R;s or R open.

Chapter 15

The Filter Circuit

Sallen-Key critical frequencies: 1Cl1 filter, 15.9 kHz; IC2 filter, 53 kHz; IC4 filter, 18.9 kHz; IC5
filter, 15.9 kHz

Multiple FB center frequency: 19 kHz

Bandwidths: Approximately the same as the critical frequency for each filter.

Sallen-Key voltage gains: IC1 filter, 1.59; IC2 filter, 1.59; IC3 filter, 0.915; IC4 filter, 1.59;

ICs filter 1.59

Sallen-key response: R;/R, = 0.589 (approximately Butterworth)

Chapter 16

The Function Generator Circuit
Oscillator frequencies:

x1,: minimum f= 0.73 Hz, Maximum f'= 8.84 Hz
x10,: minimum f'= 7.3 Hz, Maximum f'= 88.4 Hz
x100,: minimum f'= 73 Hz, Maximum f'= 8§84 Hz
x1k,: minimum f'= 730 Hz, Maximum f= 8.84 Hz
x10k,: minimum f= 7.3 kHz, Maximum f= 88.4 kHz
Output voltages:

Sine wave: 25.4 V pp

Square wave: 30 V pp

Triangular wave: 12.6 V pp

Troubleshooting

Unit 1: Fault is in the IC1 Wien-bridge oscillator block. IC1 output could be open or lead-lag
feedback loop open.

Unit 2: Output of IC2 is open.

Unit 3: Output of IC3 open or R; or R;, open.

Unit 4: Negative feedback path of IC3 is open causing it to saturate.

Chapter 17
The PC Board

During board assembly, a “stuffing error” has resulted in a resistor where diode D, should be.

The Circuits
1.2 1.2

= =1.07 kHz
4RC, 4(5.6k)(0.05 uF)

B Originate mode: foigpLr)

Answer mode: R, = R, | R, =6.2kQ| 5.6kQ =2.94 kQ (Neglecting 0, sat R)

1.2 1.2

= =2.04 kHz
4RC, 4(2.94KkQ)(0.05 4F)

f;zns(PLL) =
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B Same calculations as above: foigwco) = 1.07 kHz, fonsrcoy = 2.04 kHz
®  Max and min voltages are nearly equal to the supply voltage +6 V and -6 V.
B When Q, is off and R;; = 0 Q and Ry set for maximum voltage: Vo=+6V

1
300Hz
FSK data: 1090 Hz tone for 1.67 ms when pin 9 is low and 1270 Hz tone for 1.67 ms when pin 9
is high.
B Af=1270 Hz — 1070 Hz = 2225 Hz - 2025 Hz = 200 Hz
_ 200Hz
50 Hz/V

m 7=

=333 ms, —]2: =1.67 ms

=+4V

Troubleshooting
B No circuit power, frequency components out of tolerance preventing lock, faulty PLL or op-amp.

B (O, Ry, or R; open, O, shorted, faulty PLL.
B VCO faulty, C; open.
B (; or Rs open, pin 9 or VCO shorted to ground, Q, shorted.

Chapter 18

The Power Supply Circuit

Bridge voltages at peak of input: Top corner: ~17 V peak, bottom corner: ~~17 V peak,
left corner: —16.3 V peak , right corner +16.3 peak.

PIV: 332V

Regulator input voltages: 7812: +16.3V; 7912: -16.3 V

Regulator current: 250 mA from each regulator. Heat sinks are not necessary.

Troubleshooting

Board 1: Fuse may be blown. Transformer may have an open primary of secondary winding or a
shorted primary winding.

Board 2: Input or output of IC1 may be open. Pin 2 of IC1 may be open. C; or C; may be shorted.
Board 3: Input or output or pin 2 of IC2 may be open. C, or C; may be shorted.

Board 4: IC1 and IC2 may be swapped.
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Summary of EWB/Multisim
Circuit Files

Password for Solution Files: EDSFLOYD

Password for Fault Circuits: book

Prepared by Gary Snyder
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EWRBS folder

Multisim 6 folder

Chapter 1 Chapter 18 SOLUTION.EXE file
folder anmnsn folder Password protected
|
EXAMPLES EXAMPLES
Folder Folder
EOl-yy E18-yy
TROUBLESHOOTING TROUBLESHOOTING
EXERCISES EXERCISES . -
Folder Folder EXAMPLES EXAMPLES
TSEO1-yy TSE18-yy Folder Folder
EO01-yy E18-yy .
PROBLEMS PROBLEMS TROUBLESHOOTING TROUBLESHOOTING
Folder Folder EXERCISES EXERCISES
FO1-yy F18-yy Folder Folder
TSEO1-yy TSE18-yy
TROUBLESHOOTING TROUBLESHOOTING
PROBLEMS PROBLEMS PROBLEMS PROBLEMS
Folder Folder Folder Folder
TSPO1-yy TSP18-yy FO1-yy F18-yy
TROUBLESHOOTING TROUBLESHOOTING
PROBLEMS PROBLEMS
. Folder Folder
Student Files TSPO1 -yy TSP1 s_yy

Instructor Files

CD-ROM Organization Diagram
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Summary of Circuit Files

Chapter 1:
Circuit EWB MultiSim
E01-01 Vr(1)=9.287V Vr(1)=9.287V
Vp(1) =712.8 mV Vp(1)=0.713 V
Vr(2) =9.98 mV Vr(2) =9.980 mV

Vp(2)=9.99 V Vp(2) =9.99 V

FO1-41a Vr =0.000 uV Vi =0.020 nV
F01-41b Vr=99.15V Vr=99.151V
FO1-41c Vg =23.68 V Vg =23.681 V

F01-41d Vp=651.5mV Vp=0.651 V
F01-42a Vp=25.00V Vp =25.000 V
F01-42b Vp=15.00V Vp=15.000 V

F01-42¢ Vp=2.500 V Vp=2.500 V
F01-42d Vg =0.0113 uv Vg =11.285nV

F01-43 VaA=25.00V Va=25.00V
Vg =2425V Vg =24.255V

Vc=8.746 V Vc=8.746 V

Vp =8.000 V Vp=28.000 V

TSP01-20 Vi =3.000 V Vg =3.000V
TSP01-21 Vp=100.0V Vp =99.994 V
TSP01-22 Vp=3243V Vp=32434V
TSP01-23 Vp=-0.001 uv Vp =-1.000 pV
TSP01-24 Vp =667.6 mV Vp =0.668 V
TSPO1-25 Vp=0.192 uv Vp=0.192 nV
TSP01-26 Vp=2.577V Vp=2.577V
TSP01-27 Vp=11.99V Vp=11.994V
TSP01-28 Vao=25.00V Vo=25.00V
Vg =24.25V Vg =24.253V

Ve=8.000V Vc=8.000V

Vp=28.000 V Vp =8.000 V

Chapter 2:

Circuit EWB MultiSim
E02-02a Half-wave Vp =4.2115V Half-wave Vp=4.3 V
E02-02b Half-wave Vp = 98.0893 V Half-wave Vp =99.2 V

E02-03 Half-wave Vp = 76.9264 V Half-wave Vp =77.0V
E02-05a Full-wave Vp =24.2233 V Full-wave Vp =243 V
E02-05b Full-wave Vp =24.2233 V Full-wave Vp =243 V

E02-06 Full-wave Vp =41.2853 V Full-wave Vp=41.0 V

E02-07 Vi (max) = 14.6294 V Vi(max)=14.7V

Vi(min) = 13.8651 V Vi(min)=13.8 V

E02-09 Half-wave Half-wave

Vp(max) = 8.9581 V Vp(max) =9.1 V
Vp(min) = 8.9581 V Vp(min) =779.1 mV
E02-10 Clipped Clipped
Vp(max) = 5.7492 V Vp(max) =57V
Vp(min) = -5.7469 V Vp(min) =-5.7V
E02-11 Clipped Clipped
Vp(max) = 8.9729 V Vp(max) =9.0 V
Vp(min) =-17.8942 V Vp(min) =-18.0 V
E02-12 Negative Clamp Negative Clamp
Vp(max) = 609.2934 mV Vp(max) = 729 mV
Vp(min) = -46.7967 V Vp(min) =-45.5V
F02-71a Half-wave Vp =4.1826 V Half-wave Vp =42V
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F02-71b Half-wave Vp =-49.0255 V Half-wave Vp=-49.3 V
F02-72 Half-wave Vp =78.9313 V Half-wave Vp =80.5 V
F02-74 Full-wave Vp =19.4361 V Full-wave Vp =19.6 V
F02-75 Full-wave Vp =29.2363 V Full-wave Vp =29.5 V
F02-76 Vi(max)=47.4164 V Vi(max) =47.6 V

Vi(min) = 46.6476 V Vi(min) =46.6 V
F02-77 Half-wave Half-wave
Vp(max) = 712.1375 mV Vp(max) = 712.7 mV
Vp(min) =-9.8960 V Vp(min) =-10.0 V
F02-81a Clipped Clipped
Vp(max) = 721.5138 mV Vp(max) =721.9 mV
Vp(min) =-722.2388 mV Vp(min) = -722.0 mV
F02-81b Clipped Clipped
Vp(max) = 721.9223 mV Vp(max) = 722.0 mV
Vp(min) =-722.2338 mV Vp(min) = -722.0 mV
F02-84 VSEC =114.7 VAC VSEC =117.66 VAC
Vree =~0V Vgec =4.969 V
VL=5991V Vi, =58.449 V
F02-86 Full-wave Vp =15.4930 V Full-wave Vp =155V

TSE02-01 Vruse =0V Vruse =0V

TSE02-02 VSURGE =0V VSURGE =0V

TSE02-03 Vi(max)=21.1824 V Not implemented

Vi (min) =20.0721 V
TSP02-48 Unrectified AC 9.9124 Vpp Unrectified AC 10.0 Vpp
TSP02-49 Vi(max) = 38.0269 V Vi(max) =384V

Vi (min) = -48.8304 V Vi(min) =-49.3 V

TSP02-50 V=0V vVL=0V

TSP02-51 Half-wave Vp = 18.5137 V Half-wave Vp = 19.6 V

TSP02-52 Clipped Full-wave Clipped Full-wave

Vp(max) = 59.8993 V Vp(max) =59.8 V
Vp(min) = Variable Vp(min)=1.6 V
TSP02-53 Full-wave Full-wave
Vp(max) = 48.8389 V Vp(max) =49.1 V
Vp(min) = 1.8545 V Vp(min) = 784.1 mV
TSP02-54 Positive Clipped Positive Clipped
Vp(max) = 678.1462 mV Vp(max) = 679.1 mV
Vp(min) = -896.6640 mV Vp(min) =-909.1 mV
TSP02-55 Half-wave Vp(min) =-29.4365 V Half-wave Vp(min) =-30.0 V
TSP02-56 Half-wave Half-wave
Vp(max) = 15.8707 mV Vp(max) =16.0 V
Vp(min) = Variable Vp(min) = 480.1 mV
Chapter 3:
Circuit EWB MultiSim
E03-05 Ip(1) =4.441 pA Ip(1) =4.749 pA
Vp(1) =4.860 V Vp(1) =4.860 V
Ip(2) =193.1 mA Ip(2) =206 mA
Vp(2)=6.385V Vp(2)=5.137V
E03-06 Ip=1.329 mA Ip=1.330 mA
Vr=23.45mA Vi =24 mA
Vp=1193V Vp=1193V
E03-08 Clipped Clipped

Vp(max)(1) = 5.6034 V
Vp(min)(1) = -3.7857 V

Vp(max)(2) = 6.7324 V
Vp(min)(2) = -15.5693 V

Vp(max)(1)=5.6 V

Vp(min)(1) =-3.8 V

Vp(max)(2)=6.7V
Vp(min)(2) =-15.5V
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F03-61 (1) = 150.4 mA (1) = 150 mA
Vr(1)=4.692 V Vr(1)=4.692 V
Ir(1) =449 mA Ir(1) =40 mA
Vr(1)=5.776 V Vr(1)=5.116 V
F03-64 Ip = 34.20 mA Ip=34mA
F03-68 VOUT =12.0272 VDC VOUT =11.002 VDC
TSE03-01 VOUT =2291 VDC VOUT =
TSE03-02 Vc=0 Vpe Ve=0Vpe
Vour =0 Vpc Vour = 0.000 Vpc
TSE03-03 Vp = 15.3620 Vpc with ripple Vp = 15.0 Vpc with ripple
VOUT =15.31 VDC VOUT = ISOVDC
TSE03-04 Vp=0V Vp=0V
Blown fuse Blown fuse
TSP03-45 VOUT = 8.000 VDC VOUT = 8.000 VDC
TSP03-46 Spikey Output Spikey Output
VOUT =12.0800 V VOUT =120V
VSPIKE =2.1937V VSPIKE =90V
TSP03-47 Vg =30.66 Vpc Vr >26 Vi
VOUT =0.093 “VDC VOUT =0.079 nVpc
TSP03-48 Vr=23.44V Vg =22243V
Chapter 4:
Circuit EWB MultiSim
E04-02 [g=411.9 pA Ig=412 pA
Ic = 61.69 mA Ic = 62 mA
I =62.50 mA Ig=62mA
Veg = 2940V VCB =294V
VCE=3821 \'4 VCE=3821 \4
E04-04 Is=216.7 pA s =217 pA
I[c=9.838 mA Ic =9.838 mA
LED blinks LED blinks
E04-10 Io(1) = 15.76 mA Io(1) = 16 mA
Vee(1) =4.129V Vee(1)=2.952V
1(2) = 14.88 mA 1«(2)= 13 mA
Vee(2) =4.375 V Veg(2) =3.709 V
F04-30 Vc=28.986V Vc=8.986 V
Vg=0.612V Vp=0.612V
F04-46 I = 6672 pA Iy = 667 pA
Ic=32.29 mA Ic=32mA
I =32.96 mA [=33mA
F04-47a Vpc =-4.608 V Vpc =-4.608 V
Vgg =976.8 mV Vge =877 mV
VCE =5485V VCE =5458V
F04-47b VBC =3.254V VBC =3.254 V
VBE =-833.8 mV VBE =-0.834 mV
VCE =-4.088 V VCE =-4.088 V
F04-48 I =24.42 pA I =24 pA
Ic=1.197 mA Ic=1.197 mA
I=1.221 mA Ig=1221 mA
F04-49 V(1) = 10.00 V Va(1) = 10.000 V
V(1) =20.00 V V(1) =20.000 V
Ve(1) =9.228 V Ve(1)=9.228V
Vi(2) = 4.00 V Vi(2) = -4.000 V
Ve(2) =-12.00 V Ve(2) = -12.000 V
Ve(2) =-3216 V V(2) =-3.216 V
F04-50 Vc=221.6 mV

Ve=222mV
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F04-51 Vg =2838.6 mV =839 mV
Vc=533.8mV V¢ =534 mV
TSE04-01 Vg =778.5mV Vg =779 mV
Vc=4917V Vc=4917V
TSE04-02 Vg = 680.0 mV Vg =680 mV
Vc=5.838§ mV VC 5.838 mV
TSE04-03 Vp=2.841V =2.841V
Vc=8995V =8995V
TSP04-47 Vgs =2.647V Vg =2471V
TSP04-48 Vrc=14.98V Vrc=14.982 V
TSP04-49 Vce = -849.4 mV Vg =-0.849 mV
TSP04-50 Ve =10.00 V V=100V
TSP04-51 Vp=10.00 V Vp=10.00 V
=20.00V Vc=20.00V
Ic =91.09 mA Ic=91 mA
TSP0452 Ic=5.455 mA Ic =5.456 mA
TSP04-53 Iz = 0.000 pA Iz = 0.444 pA
V=499V V=499V
TSP04-54 Ig =4.350 pA I =4.350 pA
Ic = 0.000 pA Ic=-0.021 pA
Chapter 5:
Circuit EWB MultiSim
E05-01 Vg = 869.1 mV Vg = 869 mV
Vee=7.187TV Vee=7.187V
Ic =38.85 mA Ic=39mA
E05-03 Vg = 816.0 mV Vgg = 8§14 mV
VCE =2775V VCE =2715V
Ic=4.615mA Ic=4.615mA
E05-04 Vie = -794.1 mV Vie = -794 mV
VCE =-3.082V VCE =-3.082V
Ic=2.155mA Ic =2.155mA
E05-06a Vge = 8324 mV Ve = 832 mV
Vee=6.685V Vce=6.685V
Ic =9.492 mA Ic =9.492 mA
E05-06b Vge = 836.6 mV Vge =837 mV
Vee=5.749V Vee=5.749V
Ic=11.16 mA Ic=11mA
E05-08 Vge =769.0 mV Vgg = 769 mV
VCE=1731V VCE=1731V
— 826.9 pA Ic= 827 pA
F05-37 Vee=10.77V Vee = 10771V
Ic=922.9 pA Ic =923 pA
F05-38 Ve =6.001 V Ve =6.001V
Ic =5.126 mA IC=5.126mA
F05-40 Vp=2.047V =2.047V
Ve=6.237V VC 6237V
Ve=1267V VE=1267V
F05-41 Vg =-1.666 V Vg =-1.666 V
Ve=-9.197V Ve=-9.197V
Vg =-880.61 mV Vg =-0.881V
F05-44 Vgg = -845.8 mV Vg =-846 mV
Veg =-7.182 V Vep=-7.182V
=15.93 mA =16 mA
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F05-45 Vg =7744 mV Vg =774 mV
Ve=1.169V Ve=1169V
Ve=1.017mA Vg =1.017 mA
TSE05-01 Vg =0.059 pv Vg =0.047 pv
Vc=10.00V Ve =10.000 V
Vi = 0.005 uv Ve =4.700 nV
TSE05-02 Vg=3.197V Vg=3.197V
Vc=10.00V Ve =10.000 V
Vg =0.002 uv Ve =0.000 V
TSE05-03 Vg=3.145V Vg=3.145V
Vc=5.061V Vc=5.061V
VE=2329V VE=2.329V
TSE05-04 Vg=3.197V Vg=3.197V
Vc=10.00V Ve =10.000 V
VE=2.695V VE=2.695V
TSP05-51 Vg =668.8 mV Vg =669 mV
Vc=17.9 mV Ve =18 mV
TSP05-52 Iz = 0.000 uA Iz =-0.444 pA
TSP05-53 Vg =3.664 V Vg =3.664 V
TSP05-54 Vc=-2.846 V Vc=-2.846 V
TSP05-55 Vc=-10.00 V Vc=-10.00V
VE=9203V VE=9.203 V
TSP05-56 Vg =2.999 V Vg =2.999V
Chapter 6:
Circuit EWB MultiSim
E06-08 Vc=5.529V Ve=5.469V
Vi, =25.8546 mVpp Vp, =26.1 mVypp
V. =220.6865 mVpp V.=221.9 mVpp
DC values off, gain is OK DC values off, gain is OK
E06-09 V, =2.8045 mVypp V,=2.8 mVpp
Vc =2.7548 mVypp Vc =238 mVpp
DC values off, gain is OK DC values off, gain is OK
E06-11 Vi, = 13.8475 mVpp V= 14.0 mVpp
Vc =917.7385 mVpp Vc =930.5 mva
F06-45 Vg =2.572 Vpe Vg =2.570 Vpc
V= 99.99 mVAC V= 99 mVac
Vour =~300 uVpc Vour =~0 Vpc
Vout =214.5 mVAC Vout =216 mVAC
F06-46 Vg =2.439 Vpc Not implemented
Vb =98.18 mVc
VOUT =1.239 mVpce
Vout = 5.705 Vac
F06-47 VB =1.594 VDC VB =1.593 VDC
Vi, = 100.0 mVz¢ V=101 mV ¢
VOUT =~800 “VDC VOUT =~0 mVDC
Vout =395 mVAC Vout =347 mVAC
F06-48 Vg =1.727 Vpc Vg =1.741 Vp¢
Vi, = 1.000 Ve V= 1.01 Ve

Vour =~80 mVpc
Vou = 885.1 mVsc

Vour = 88 mVp¢
Vout =881 mV ¢
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F06-51 Vp(1)=2.491V Not implemented
Ve(1)=9.527V
Ve(1)=1.737V
V(1) = 50.00 mV
Vg(2) = 670.6 mV
Vc(2)=7983V
VOUT(Z) =-128.5mV
Voul(2) =6.195V
F06-53 Vin =99.9 mV Vin =0.100 mV
Vo =3.13V Vou =328 V
TSE06-01 V(1) =1.680 V V(1) =1.680 V
V(1) =5.768 V Ve(1)=5.772V
V(1) =908.4 mV Vg(1) =908 mV
V(1) =100.0 pvV V(1) =0.101 mV
V(1) =5.094 mV V(1)=5.131 mV
V(1) =0.483 pv V(1) =0.474 pv
Vp(2)=1.679V Vp(2) =1.680 V
Vc(2)=5.678 V Ve(2)=5737V
Ve(2) =907.0 mV Ve(2)=0.909 V
Vp(2) = 5.094 mV Vi(2) =5.132 mV
V(2)=836.7mV V(2)=0.833 mV
V2)=21.15pVvV V2)=0.015mV
Vour = ~85mV Vour =0.033 V
Vou = 836.7 mV Vou = 832 mV
TSE06-02 V(1) =1.680 V V(1) =1.680 V
V(1) =5770 V Ve(1)=5772V
Vg(1) =908.4 mV Ve(1) =0.908 mV
V(1) = 100.0 pV V(1) =0.101 mV
V(1) =1635mV V{(1)=0.016 V
V(1) =0.420 pv V(1) =0.470 uv
Vp(2)=1.680 V Ve(2)=1.680 V
Vc(2)=5.679V Vc(2)=5.772V
VEe(2) =908.4 mV VE(2) =0.908 V
Vi(2) =0.571 pv Viu(2) =7423 fV
V(2) = 32.46 pV V(2) =0.022 pV
Ve(2) = 0.769 uV V(2) = 2.869 fV
Vour = ~3.338 mV Vour = 1.841 pV
Vou =32.77 uV Vou = 3.462 pV
TSE06-03 Vp(1)=1.680 V V(1) =1.680 V

Vo(1)=5770 V
V(1) =908.4 mV
V(1) =100.0 uV
V(1)=10.12 mV
V(1) =0.570 uV

Ve(2) = 1.680 V

Ve(2)=5.773 V
Ve(2) = 908.1 mV
Viy(2) = 10.12 mV
V(2)=45.80 mV
V(2)=9.844 mV
VOUT =1.128 mV

Vou =45.80 mV

Ve(1)=5.772V
Vg(1) =908 mV
V(1) =0.101 mV
V«(1)=0.010V
V(1) = 0.471 pV
Vg(2)=1.680 V
Ve(2)=5.772V
Ve(2)=0.908 V
Vp(2)=0.010 V
V2)=0.046 mV
V(2) =9.867 mV
VOUT =-0.013 mV
Vour = 0.046 V
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TSE06-04 Vg(1)=1.680 V Vp(1)=1.680 V
Ve(1)=5772V Ve(1)=5.772V
Vi(1) =908.5 mV Vg(1) =908 mV
V(1) = 100.0 pV V(1) =0.101 mV
V(1)=10.41 mV V(1)=0.010V
V(1) =0.109 uV V(1) =0.467 uV
Vg(2)=1.754V Ve(2)=1.754V
Ve(2)=10.00 V Vc(2)=9.999 V
Vi(2) = 0.002 uV VE(2) = 0.000 V
Vi(2) = 10.41 mV Vi(2)=0.010 V
V(2) = 0.000 pV V(2) = 0.047 pV
V(2) = 0.000 pV V2)=0.000V
VOUT =-0.000 “V VOUT =0.012nV
Vo = 0.000 uV Vour =0.016 nV
TSP06-54 Vy,=99.90 mV Vy,=0.100 V
V.=214.5mV V.=0215V
Vout = 5.361 HV Vou =0.000 V
TSP06-55 V, =99.02 mV Vpy=0.100 V
Iz = 0.000 A I =18fA
TSP06-56 V,=100.0 mV Vp,=0.099 V
Vout = 926.6 mV Vou = 0.928 V
TSP06-57 Vin = 100.0 mV Vin=0.100 V
V, =0.000 pVv V,=0.011 pV
Voot = 0.000 uV Vou =0.010 pV
TSP06-58 V, =100.0 mV Vy=0.100 V
V., =1199 mV V.=0.114V
TSP06-59 V(1)=2.778 V V(1)=2.764 V
V(2= 0.129 uv Vi(2)=0.037 pV
Chapter 7:
Circuit EWB MultiSim
E07-06 Ip=8.378 mA Ip=8.078 mA
Related Exercise Vp=5.053V Vp=5.053V
Vgs =-3.116 Vgs=-3.116
Vs=3.147V Vs=3.147V
E07-09 Ip =4.826 mA Ip=4.827 mA
Related Exercise Vp=17.762V Vp=7.760 V
VGS =-2.700 VGS =-2.700
E07-12 Ip=1282mA Ip=1.281 mA
Related Exercise Vp=7.129V Vp=7.129V
VGS =-2.020V VGS =-2.020 V
F07-58a Vgs =-996.7 mV Vgs =-0.997V
VDS =6.262V VDS =6.262V
Ip =1.007 mA Ip =1.007 mA
F07-58b Vgs =-496.9 mV Vgs =-0.497 V
Vps=6.139 V Vps =6.139V
Ip =5.020 mA Ip =5.020 mA
F07-58¢ Vgs =-1.408 V Vgs=-1.408 V
Vps=6.922V Vps=6.922 V
Ip =3.025 mA Ip =3.025 mA
F07-61 Ip =2.854 mA Ip =2.854 mA
Vgs =-856.0 mV Vgs =-0.856 V
F07-62 Ip=3.356 mA Ip =3.356 mA
VGS=1.190V VGS=1190V
F07-63 Ip=857.1 yA Ip =0.857 mA
Vgs=-1.184V Vgs=-1.186 V
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F07-64 Ip=1917mA Ip=1917mA
Vs = -1.508 V Vgs = -1.508 V
F07-67a Is = 8.000 mA Is = 8.000 mA
VGS =4.000 V VGS =4.000 V
F07-67b Ip = 8.000 mA Ip = 8.000 mA
Vgs =5.400 V Vgs =5.400 V
F07-67c Ip =-8.000 mA Ip =-8.000 mA
VGS =-4520V VGS =-4520V
F07-68 Ip =904.2 pA Ip = 0.904 mA
VGS =3.098 V VGS =3.098 V
F07-71 Vps =10.94 V Vps =10.940 V
Vgs= -380.6 mV Vgs= -0.381 V
TSE07-01 Vgs = -80.14 mV Vs =-0.080 V
Vp=14.63V Vp=14.631V
Vs=8109 mV Vs=0081 \"
Ip =367.7uA Ip =0.368 mA
TSE07-02 Vgs =-0.001 uv Vgs = 0.000 V
Vp=0.010 uV Vp =0.000 V
Vs =0.001 uv Vs =0.000 V
Ip = 0.000 uA Ip = 0.000 A
TSE07-03 Vgs =-1.994V Vgs =-1.994V
Vp=15.00 V Vp=14.999 V
Vg=2.014V Vs=2.014V
Ip = 0.000 uA Ip =-1.776 uA
TSP07-66 Vp =30.93 mV Vp=0.031V
Vs =0.003 pV Vg =2.547 pV
Vg = 0.345 pV Vg =0.345 pV
TSP07-67 Vp=6.000 V Vp=6.000 V
Vs =906.3 mV Vs =0.906 V
Vg = 62.97 uV Vi = 0.063 mV
TSP07-68 Vp =-2.988V Vp =-2.988V
Vs=-1.303 V Vs=-1303 V
Vg =-0.000 pVv Vg =-0.004 aV
TSP07-69 Vp=7.166 V Vp=7.166 V
Vs=1287V Vs=1287V
Vg =23.08 uv Vs =0.018 mV
TSP07-70 Vp=12.00V Vp=12.000 V
Vs =0.015 pVv Vs =0.000 V
Vg=4.737V Vg=4.737V
TSP07-71 Vp =0.001 pVv Vp =0.000 V
Vg = -0.000 pV Vg =0.000 V
TSP07-72 Vp=10.00 V Vp=10.000 V
Vg = 0.000 pV Vg =1.000 fV
TSP07-73 Vp=4307V Vp=4307V
Vs=4.307V Vs=4307V
Vg =0.000 pV Vg =0.000 V
TSP07-74 Vp=8.352V Vp=8352V
Vs=8311V Vs=8311V
Vg =9.000 V V5 =9.000 V
Chapter 8:
Circuit EWB MultiSim
E08-04 Vp=5.510 V¢ Vp =5.490 V¢
Vg = 1.066 Ve V= 1067 Vi
E08-07 Vb = 8.397 Ve Vi = 8.397 Vpe
V= 328.6 MV, Vy=0.329 V,,
V, =49.99 mV, V, =0.050 Vs
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E08-09 Is = 2.636 mApc Is =2.638 mApc
Vp = 6.307 VDC Vp = 6.305 VDC
Vi=1.713 Vs V= 1711 Vi
E08-10 VGS =-568.4 mVDC VGS =-0.568 Vbe
Vin = 10.00 mV Vin=0.010 V3
Vou = 8.725 MV, e Viu = 8.732 mV,
E08-11 Vin = 10.00 mV pys Vin=0.010 Vs
Vo= 101.1 MV, Viu = 0.101 Vo,
F08-35 Ip =2.833 mapc Ip =2.834 mppc
VDS =4916 VDC VDS =4914 VDC
Vs =2.833 V¢ Vs =2.834 Vpc
F08-36a Ip = 1.844 mppc Ip = 1.843 mapc
Vin = 50.00 mV s Vin = 0.050 Vg
Vout =215.4 mV g Vout = 0.216 Vi
F08-36b Ip =1.016 mApc Ip = 1.016 mApc
Vi = 50.00 MV, Vi = 0.050 Ve
Vo = 496.5 MV, e Vo = 0.497 V,.
F08-37 Ip = 5.847 mApc Ip = 5.847 mApc
Vin = 50.00 mV g Vin = 0.050 Vs
Vou = 141.5 MV e Vou =0.142 V.
F08-38 ID =4.463 mADC ID =4.463 mADC
VDS = 3065VDC VDS = 3065VDC
Vg =-1.458 Ve Vs =-1.458 V¢
F08-39 Vp=17.15 Vpc Vp=17.151 Vpc
VG =5.484 VDC VG =5484 VDC
Ig= 2.849 mADC IS =2.849 mADC
F08-41 VD =15.00 mADC VD =0.015 ADC
VD =9.000 VDC VD =9.000 VDC
Vg = 48.00 MV, V= 0.048 V,p,
Vi, = 10.00 MV, Vi =0.010 Vi
F08-44a ID =279.4 p'ADC ID =0.280 mADc
Vin = 50.00 mV ¢ Vin = 0.050 Vs
Vi = 45.26 mV e Viou = 0.045 V.,
F08-44b Ip =6.615 mApc Ip =6.615 mApc
Vi = 50.00 MV, Vi = 0.050 Vi
Vout = 14.01 mVipe Vour = 0.014 Vs
TSE08-01 Vin = 10.00 mV s Vin =0.010 Vs
In(1) = 3.126 mApc In(1) = 3.125 mApc
V(1) =7.313 Vpe V(1) =7.312 Vpe
Va(2) = -227.9 pVie V(2) = -0.416 mVpc
V,(2) =75.00 MV, Vo(2) = 0.075 Vi
In(2) = 3.132 mApc In(2) = 3.134 mApc
Vout (2) = 562.3 mV s Vout (2) = 0.563 Vs
TSE08-02 Vin = 10.00 mV s Vin=0.010 V1
In(1) = 6.092 mApc In(1) = 6.092 mApe
Vp(1) =2.863 Vpc Vp(1) =2.863 Ve
Vg(2) =2.863 Ve Vg(2) =2.863 Ve
Vy(2) = 433.5 tV g V,(2) = 0434 mV
Ib(2) = 6.115 mApc I(2) = 6.115 mApc
Vout (2) = 128.6 pVms Vour (2) = 0.128 mV e
TSE08-03 Vin = 10.00 mV Vin=0.010 Vys

ID(I) =0.000 H'ADC
VD(I) =12.00 VDC
VG(2) =67.36 l‘lVDC
V,(2) = 0.000 Ve
ID(2) =3.125 mADC
Vou (2) = 0.000 PV

Ip(1) = 1.776 nApc
Vp(1)=12.001 Vpc
Vg(2) =0.067 mVpc
Vg(2) =0.020 nV g
Ip(2) = 3.125 mApc

Vou (2) = 0.441 pV g
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TSE08-04 Vin = 10.00 mV e Vin = 0.010 Vs
In(1) = 3.125 mApc In(1) = 3.126 mApc
Vi(1)=7.313 Vpc V(1) =7.312 Vpe
Va(2) = <500 pVpe V(2) = <500 pVpc
V(2) = 75.00 mV g Vy(2) = 0.075 Vi
Ip(2) = 0.000 pApc Ip(2) =-2.35 aApc
Vot (2) = 0.000 PV e Viue (2) = 0.026 0V g
TSP08-46 Ip =4.800 mApc Ip =4.800 mApc
VDS =0.005 IJ'VDC VDS =4.801 pVDC
Vg = 4.800 Vpe Vg = 4.800 Vpc
TSP08-47 Ip = 1.842 mApc Ip = 1.842 mApc
=34.02 mV Vs =0.034 Vs
V =50.00 mV s =0.050 Vs
Viou = 69.14 mV, Vi = 0.069 Ve
TSP08-48 Ip = 1.000 mApc Ip = 1.000 mApc
VG =0.008 uVims Vg =0.000 Vs
= 50.00 MV Vi, = 0.050 Vo
Vour= 0.084 pVipg Vour= 0.021 nV
TSP08-49 Ip = 12.70 mApc Ip=0.013 Apc
VGS <200 l‘lVDC VGS <03 mVDC
Vin = 50.00 mV Vin = 0.050 Vs
Vout = 208.5 mV Vour = 0.209 Vi
TSP08-50 Ip = 0.009 pApc Ip = 9.008 nApc
VDS =9.000 VDC DS = 9.000 VDC
Vgs = 26.89 HVDC Vgs = -2.941 HVDC
TSPO08-51 Vg1 =20.00 Vpc Vg1 =20.00 Vpe
VG =136.0 H-VDC Vg = 0.136 mVpc
VD =20.00 VDC VD =20.00 VDC
Ip = 0.000 pApc Ip = 0.028 nApc
TSP08-52 RD — 24.00 VDC VRD =24.00 VDC
Vin = 10.00 mV g Vin = 0.010 Vi
Ip = 0.240 pApc Ip = 0.240 pApc
VD =50.00 uVDC VD =0.050 mVDC
Vd =2291 pVoms Vd = 0.080 Vs
Vour =2.291 pViy Vour = 0.080 tVm
TSP08-53 ID 9.876 mADC ID 9.876 mADC
VDS 3.186 VDC VDS =3.186 VDC
VGS =17.99 VDC VGS =17.992 VDC
Vout = 23.65 MV Vout = 0.024 Ve
TSP08-54 Ip =279.5 pApc Ip = 0.280 mApc
=46.67 mV s =0.047 Vims
Vin = 10.00 mV g Vin = 0.010 Vg
Vout = 0.000 pVims Vour = 0.000 Vs
Chapter 9:
Circuit EWB MultiSim
E09-03 Vou=235.5 Ver Vou = 35.5 Vpp (clipped)
Lower than 40 Vpp
E09-04 Vou = 13.35 Vpp Vou = 13.6 Vpp
Lower than 20 Vpp
F09-41 =6270V ce=6.263V
IC_6036mA Ic = 0.060 mA
F09-43 Vout = 6.522 Vpp Vout = 6.3 Vpp
for Vi, = 100 mV for Vi, = 100 mV
F09-44 Vou = 13.5329 Vpp Vou = 13.6 Vip
F09-45 Vout = 13.6346 Vpp Vou = 13.8 Vpp
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F09-46

Vou =21.4134 Vpp

out =213 VPP

Lot = 224.4 mArms Lo =225 mA
TSE09-01 =3.360 Vpc with output = 3.360 Vpc with output
clipped on bottom clipped on bottom
TSE09-02 VB 839.2 mVDC VB =0.839 VDC
Vou(max) =2.2982 Vp Vou(max) =2.2 Vp
Vou(min) =-1.9019 Vp Vou(min) =-1.8 Vp
TSE09-03 Vg = 1.8256 Vpc with nonlinear Vg = 1.826 Vpc with nonlinear
distortion distortion
TSP09-35 Ic =60.30 mApc Ic =0.060 Apc
VCE 6.278 VDC VCE =6.278 VDC
Vp = 0.061 pV s Vp =10.019 pVms
TSP09-36 Vg =4.214 Vpc Vg =4.208 Vpc
VR52 3.702 VDC VREZ =3.767 VDC
V. is negative pulses V,ut iS negative pulses
TSP09-37 Vou =-6.75 Vp half-wave output Vou =-6.8 Vp half-wave output
Vout = 12 87 Vpp Vou = 13 0 Vpp
TSP09-39 Vou 1S positive half-wave output Vout IS positive half-wave output
Chapter 10:
Circuit EWB MultiSim
E10-06 fc=79.6 Hz fc=66.1 Hz
Ideal = 78.5 Hz
E10-07 fc=16.2 Hz fc=16 Hz
E10-08 fc=17.1Hz fc=17Hz
E10-10 fc=1.77 MHz fc=1.8 MHz
Ideal = 1.62 MHz
F10-50 fo(1)=3.1kHz fc(1)=3.1kHz
fo(2) = 24.9 MHz fc(2) =26 kHz
F10-51 fc=9.23 kHz fc =95 kHz
F10-54 fc=3.16 kHz fc =2.95 kHz
TSP10-45 Vre =19.77 Vpc Vire =19.765 Vpe
TSP10-46 Vq=205 mVpp V4=204.1 mVpp
Vour =0 Vims Vour = 0.0 Vg
TSP10-47 Vg =2.591 Vpc Vg =2.610 Vpc
TSP10-48 Vrp = 10 Vpc Vrp = 10.00 Vpc
Ip=17.86 mA Ipb=0.018A
Chapter 11:
Circuit EWB MultiSim
E11-02 1=109.1 mA Not implemented
E11-03 Iscr =23.18 mA Isck = 0.023 A
Expected SCR operation Expected SCR operation
E11-04 Sine wave with missing piece Not implemented
from 90° to 180°
F11-61 1=0.250uA Not implemented
F11-62 _ Expected SCR operation Expected SCR operation
F11-64 Expected diac operation Not implemented
TSP11-31 Diode always on Not implemented
TSP11-32 SCR never fires SCR never fires
TSP11-33 Vri = 0.249 pV s VR1 =10.100 nV

Vo is half-wave ouput

Vout is half-wave output
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Chapter 12:

Circuit EWB MultiSim
E12-03 Vin = 100.0 mV Vin =0.100 Vs
Vout =2.228 Vs Vout = 2.228 Vs
E12-04 in = 100.0 mV ¢ V< =0.100 V
om =10.00 Vs Vou = 10.002 V6
E12-05 Vin = 100.0 mV V =0.100 Vs
Vour =2.300 Vs out =2.302 Vs
E12-07 Vin = 10.0 mV Vin =0.010 Ve
Vour = 10.00 Vs Vou = 10.004 V.o
El12-12 BW(1)=41.6 kHz Not implemented
BW(2) =62.7 kHz
F12-53 Vin=10.0 mV Vin =0.010 Vs
out =3.741 Vs out =3.741 Vs
F12-54a =10.0 MV Vin=0.010 Vs
Vm,t 110.0 mV om =0.110 Vs
F12-54b Vin=10.0 mV in=0.010 Vs
out 1 009 Vm]s out 1 010 Vrms
F12-54c¢ Vin =10.0 mV =0.010 Vs
Vou =478.0 mV 6 Vour = 0.478 Vi
F12-54d Vin=10.0 mV Vin =0.010 Vs
om =230.0 mV s out =0.230 Vs
F12-56a =1.000 Vs =1.000 V1
out =1.000 Vyms Vou = 1.000 Vs
F12-56b Vin = 1.000 Vs Vin = 1.000 V1
out =1.000 Vs Vou = 1.000 Vi
F12-56¢ Vin = 10.00 mV ¢ Vin =0.010 Vs
Vou = 222.8 mV 6 om =0.223 Vs
F12-56d Vin = 1.000 V16 =1.000 Vs
Vou = 10.00 Ve om =9.998 Vs
F12-57 Vin = 1.000 V16 =1.000 Vs
Is =30.31 pApgs 0 030 mA s
V‘,.,t 10.00 V s V(,ut 10.00 Vs
=30.31 pAs I¢=0.030 mA ;s
F12-58a Vm =10.00 mV Vin =0.010 V6
=0.000 pA s Is =0.100 nA s
Vour = 2.2468 V116 Vour =2.252 Vi
11=4.017 pApys Ir=4.027 pAms
F12-58b Via = 10.00 mV Vin =0.010 Vs
Is =0.000 pA s Is = 0.100 nA
Vour = 323.2 MV s Vou = 0.324 mV ;¢
I¢=6.670 pA s I¢=6.685 pA s
F12-58¢ Vin =10.00 MV s Vin =0.010 Vs
=0.000 pA s ls =0.100 nA s
Vou = 188.5 mV Vour = 0.189 mV ;¢
Ig=0.180 pA;ys Ie=0.181 pA
F12-60a Vin = 10.00 mV ;¢ Vin =0.010 V1
Is = 1.000 pA s IS = 1.004 pA s
Vour = 150.0 mV Vour = 0.151 Ve
Ie=1.001 pAps I¢= 1.005 pA
F12-60b Vin=10.00 mV Vin =0.010 V
=0.100 pA s Is=0.101 pAms
Vour = 998.7 Vs Vour = 1.004 V6
=0.110 pApys Ir=0.110 pAps
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F12-60c Vin = 10.00 mV,p Vin = 0.010 MV,

Is=21.27 pAms Is = 0.021 mA
Vour =212.8 mV s Vour =0.213 Vi
I=21.27 pAms Ir=0.021 mA
TSE12-01 Vin = 100.0 mV Vin=0.100 Vs
Vour = 2.228 mV ¢ Vour =2.230 Vs
TSE12-02 Vin=0.069 pV s Vin = 0.047 pV s
Vout IS railed V¢ 1S railed
TSE12-03 Vv =100.0 mV ¢ Vin = 0.100 Vs
om =10.00 Vs Vour = 10.004 Ve
TSE12-04 =100.0 mV ¢ Vin =0.100 Vs
(,ut =0.006 pVps Vour = 0.000 V1o
TSP12-57 Vin = 10.00 mV Vin =0.010 Vs
V(,ut is railed Vo i railed
TSP12-58 Vin = 1.0 Vs Vin = 1.0 Vi
Vour = 1.0 Vimg Vour = 1.0 Vims
TSP12-59 V =10 MV ps Vin =0.010 Vs
out 10 mVrms out 0 010 Vrms
TSP12-60 Vout is railed Vou is railed
VRj =0.000 Vs VR,- =64.3 pVims
TSP12-61 Vin = 10.00 mV Vin =0.010 Vs
0“t~ 10.00 mV Out~0010 Vims
TSP12-62 =1.0 Vs Vin=1.0 Vs
Vout ~ 0.5 Vims Vout ~0.5 Vims
TSP12-63 Vin=5.0 Vs Vin =5.0 Vs
Vour 5 InVrms Vout ~35.0 I‘nVrms
TSP12-64 Vin= 1.0 mV Vin =1 mV
Vour ® 10 Vims Vou # 10 Vims
TSP12-65 Vin=1.0 Vs Vin=1 Vs
Vout is railed Vo 18 railed
TSP12-66 Vin = 1.0 Vs Vin = 1.0 Vs
Vo =0V V=0V
TSP12-67 =1.0 Vims Vin=1.0 Vs
Vout is railed VOut is railed
TSP12-68 Via = 1.0 Vs =1.0 Vs
Vou # 1.0 Vi Vou % 1.01 Vi
TSP12-69 Vin =10 mV e Vin =10 mV s
Vo is railed Vo is railed
TSP12-70 Vin = 1.0 Vs Vin = 1.0 Vs
Vout =0V out =1.0 pV
TSP12-71 Vin = 1.0 Vs Vin=1.0 Ve
Vou=0V Vou=0V
TSP12-72 Vin =10 mV Vie =10 mV
Vour ® 1.2 Vs Vour ® 1.2 Vs
Chapter 13:
Circuit EWB MultiSim
E13-01 Vyrp=1.76 V Vurr =17V
Ideal=1.63 V VLTP =1.66V VLTP =15V
E13-02 VLTP =275V VLTP =25V
Ideal=+2.5V VUTP =250V VUTP =27V
E13-03 VLTP =261V VLTP =23V
Ideal =+2.54 V VUTP 255V VUTP =23V
Vout +8 Vp Vout =+74 Vp
E13-05 Vour =-12.00 V Vour =-12.00 V
E13-06 Vour = -6.999 V Vour =-7.000 V
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E13-07 Vour = -2.5000 V Vour = -2.5000 V
E13-08 V1=3.000V V1=3.000V
V2 =2.000V V2 =2.000V
V3=8.000V V3=8.000V
VOUT =-8.838V VOUT =-8.838 V
E13-10 Integrator ouput Integrator ouput
AV/At = -5 V/100 ps AV/At =-5V/100 ps
F13-52 VLTP =293V VLTP =31V
VUTP =+290V VUTP =+3.0V
F13-54a VLTP =-4.0544 V Vit = 4.1V
Vure = 4.0812V Vurp = 40V
F13-54b Virp=-3212V Virp=-3.6V
VUTP =3.2052V VUTP =37V
F13-55 Virp=-1.05V Vip=-12V
VUTP =105V VUTP =12V
Vout = 16.34 Vp Vou = -4.3 Vp/+4.8 Vp
F13-56a VOUT =250V VOUT =250V
F13-56b Vour =-3.520 V Vour =-3.520V
F13-57 VOUT =-14.00 V VOUT =-14.00 V
F13-58 VOUT =-3.572V VOUT =-3.572V
F13-59 Integrator output Integrator output
AV/At=-4.42 V/100 ps AV/At=-4.5 V/100 ps
F13-60 Vou = 200 mVpp square wave Vout = 200 mVpp square wave
TSE13-01 V(-)=2.000V V(-)=2.000 V
VOUT is railed VOUT is railed
TSE13-02 Vin=3V,2V, 8V V=13V, 2V, 8V
V(-)=6.682V V(-)=6.682V
Vour = 6.682 V Vour = 6.682 V
TSE13-03 Vin =0V to 5V square wave Vi, = 0V to 5V square wave
Voutzov Vout=0V
TSE13-04 Vin = 20 Vpp triangle wave Vin = 20 Vypp triangle wave
V(-)=0V V(- =0V
TSE13-05 Vou(min) =-1.07 V Vou(min) =-834.4V
Vou(max) =+7.02 V Vou(max) =+6.9 V
TSE13-06 Not implemented OV ouptut
TSE13-07 VLTP =261V VLTP =23V
VUTP =255V VUTP =25V
Vou =18 Vp Vout =-7/7 Vp/+7.9 Vp
TSE13-08 Via=1V,0.5V,02V,0.1V Vi=1V,05V,02V,0.1V
V(-) =450 mV V(-)=0.450V
Vout is railed negative Vout IS railed negative
TSE13-09 Via=1V,05V,02V,0.1V Vi=1V,05V,02V,0.1V
V(-) =500 mV V(-)=0.500 V
Vou iS railed negative Vou is railed negative
TSP13-30 Virp 20V Virp =-121.0 mV
Vurp =0V Vurp =-10.5 mV
TSP13-31 Vipc0V Virp =-30.2 mV
Vurpr= 0V Vyrp =-1.0 mV
Vou =28 Vp Vou=28.1 Vp
TSP13-32 Vin=2.0Vp Vin=2.0Vp
Vout =2.0 Vp Vout =2.0 Vp
TSP13-33 Vout (min) =-709 mV Vour (Min) =-913.9 mV
Vou(max) =+5.62 V Vo(max) =+5.5V
TSP13-34 Vour =-1.500 V Vour =-1.500 V
TSP13-35 V(-)=1.000V V(-)=1.000 V

Vou is railed negative

Vo is railed negative
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TSP13-36 Vour =-12.72 mV Vour=-0.013V
TSP13-37 V(-)=2433V V(-)=2432V
Vou 18 railed negative Vout iS railed negative
TSP13-38 Vour =0V Vou =2.804 V
TSP13-39 Vo =0V Vo = 0.0V
Chapter 14:
Circuit EWB MultiSim
E14-07 Vour =-155 mV Vour =-160.787 mV
Ideal = 150 mV
F14-40 Vout = 2.010 Vrms Vou = 2.013 Vrms
F14-47 VOUT =-162.4 mV VOUT =-162.385 mV
F14-49a I, =4.7242 mA I =4.624 mA
F14-49b I, =1.1765 mA Ip =1.176 mA
TSP14-34 Vou =21.96 Vs Vour = 22.003 Vi
TSP14-35 V(=) = 0.0000 uV V() =-0.000 V
TSP14-36 V(-) =201.7mV V(-) =207.077 mV
TSP14-37 I; = 6.000 mA Iy = 6.000 mA
TSP14-38 Ip =594.1 pA Ip =594.058 uA
Chapter 15:
Circuit EWB MultiSim
E15-03 fc~ 7.8 kHz fc ~7.7kHz
Ideal = 7.69 kHz
E15-06 fo(1) ~ 650 Hz fc(1) =~ 634 Hz
fc(2) ~ 830 Hz fc(2) ~ 854 Hz
E15-07 fc(1) =~ 7.1 kHz fc(1) = 7.1 kHz
fc(2) ~ 7.3 kHz fc(2) ~ 7.3 kHz
E15-08 f(; ~ 60.3 Hz fC ~60.1 Hz
F15-32a fc~11.2kHz fc~11.2kHz
F15-32b fc ~ 162 kHz fc = 162 kHz
F15-32c fc ~49 kHz fc =49 kHz
F15-34 fo(1) ~ 176 Hz fce(1) ~ 174 Hz
fc(2) ~ 200 Hz fc(2) ~ 200 Hz
F15-35 fc ~ 1.28 kHz fc ~1.27 kHz
F15-36b fo(1) ~ 405 Hz fo(1) = 402 Hz
fc(2) ~ 500 Hz fc(2) =~ 500 Hz
F15-36¢ fPEAK ~ 15.99 kHz fPEAK ~ 15.8 kHz
F15-37 fyoren = 1.325 kHz fyoren = 1.316 kHz
TSP15-23 Ira = 0.000 pA Irs = 0.000 pA s
Vrsa = 432.5 mV s Vgra = 432.5 mV e
TSP15-24 1IR3 = 0.000 pA s IR3 =0.001 aA;
TSP15-25 V()2 =0.001 uVps V()2 =0.0.322 pVims
TSP15-26 fc ~270 Hz fc 270 Hz
TSP15-27 fc ~2.48 kHz fc ~2.45kHz
TSP15-28 V()1 = 1.477 pVme V(+)1 =2.955 pVims
Ig, = 1.475 mV Ix; = 1.479 mV 6
TSP15-29 Vs =100 mV Vg =0.100 Vs
Vonendof R1=0V Vonend of R1I=0V
TSP15-30 Vo =100 mV Ve =0.100 Vi
Ic; = 0.000 pAnys Ic; =0.017 pAms
TSP15-31 Vou(2) =36 mVpp Vout(2) = 36.7 mVpp

V(-)3=0V

V(-)3=0V
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Chapter 16:

Circuit EWB MultiSim

E16-01 Vou~2 Vpp @ 1.51 kHz Vou~2.2 Vpp @ 1.45 kHz
E16-02 Vou~ 1.05 Vpp @ 6.43 kHz Vou ~ 1.06 Vpp @ 6.56 kHz
E16-04 Vour® 12.5 Vpp @ 7.6 kHz Not implemented

Ideal = 8.25 kHz

triangle wave

F16-50 Vour ®2.16 Vpp @ 11.8 kHz Vour ®2.2 Vpp @ 9.11 kHz
F16-51 Vour ® 1.03 Vpp @ 688 Hz Vou = 13.4 Vpp @ 694 Hz
F16-52a Vou = 580 mVpp @ 217 kHz Vou = 700 mVpp @ 87.7 kHz
Unstable
F16-52b Vou = 4.34 Vpp @ 60.0 kHz Vou = 4.2 Vep @ 59.5 kHz
F16-54 Vour~ 12.3 Vpp @ 1.64 kHz Vour = 12.0 Vpp @ 1.53 kHz
F16-56 ty=1413 ps ty = 141.2 ps
tp =107.6 ps t, = 108.9 us
f=4.02 kHz f=4.00 kHz
TSP16-23 Rps = 0.0000 Q Rps = 0.000 Q
TSP16-24 V3 open from oscilloscope trace | V; open from oscilloscope trace
TSP16-25 Ve = 0.000 uVpe Vce <1 pVpe
TSP16-26 Vi = 8.442 Ve Vg = 8.442 Ve
TSP16-27 R2 is open R2 =999.999 GQ
TSP16-28 ty=112.3 ps ty = 1094 ps
tp = 108.4 ps t,=111.7 us
Chapter 18:
Circuit EWB MultiSim
E18-03 Vour=10.32V Vour = 10.342V
Ideal =102V
E18-05 Vour=10.32V Vour = 10.340 V
F18-45 Vour=10.62V Vour = 10.625V
F18-46 VOUT =8.505V VOUT =8.757TV
F18-47 Vg2 =352.7mV Vr2=0.354V
IR4 =125.8 mA IR4 =0.126 A
I = 0.207 pA Iz <1pA
Ip =125.1 mA I,=0.126 mA
VOUT =9383V VOUT =9424V
F18-48 IL=3545mA Ip =0.037 mA
TSP18-31 Vrs=2471V Vg3 =2.497V
Vour =2.496 V Vour=2472V
TSP18-32 V,=11.88V V,=11881V
Vour = 12.00 V Vour=11.992 V
TSP18-33 Vg2 =3522mV Vg, =0.353V
]R4 =125.8 mA IR4 =0.126 A
IQZ =0.0000 MA IQZ <2 MA
I, =125.1 mA I.=0.126 A
VOUT =9.383V VOUT =9419V
TSP18-34 Vg1 =2499 V Vg1 =2499V
Ip =24.12 yA I, =0.019 mA
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Chapter 1: Introduction to Semiconductors

MULTIPLE CHOICE

1. A molecule is the smallest particle of an element that retains the
characteristics of that element.
a) true
b) false

2. A forward-biased diode of a conducting germanium diode has a potential
of about 0.7 V across it.
a) true
b) false

3. Silicon doped with impurities is used in the manufacture of
semiconductor devices.
a) true
b) false

4. Reverse bias permits full current through a PN junction.
a) true
b) false

5. Semiconductor material of the P-type has few free electrons.
a) true
b) false

6. The dc voltages for a device to operate properly is called:
a) rectification
b) amplification
c) bias
d) a PN junction

7. The majority carriers are the holes in a(n):
a) N-type semiconductor
b) P-type semiconductor
¢) PN junction semiconductor
d) none of the above

8. Semiconductor materials are those with:
a) conductive properties that are in between those of a conductor or an
insulator
b) conductive properties that are very good
¢) no conductive properties
d)aorb

9. A current flows across the junction of a forward-biased diode. This
current is called:
a) forward-bias current
b) reverse breakdown current
¢) conventional current
d) reverse leakage current
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Chapter 1: Introduction to Semiconductors

10.

11.

12.

13.

14.

15.

16.

17.

A large current that flows in the opposite direction across a PN
junction is called:

a) forward-bias current

b) reverse breakdown current

c) conventional current

d) reverse leakage current

A small current that flows when a diode is reverse biased is called:
a) forward-bias current

b) reverse breakdown current

c) conventional current

d) reverse-leakage current

As the forward current through a forward-biased diode decreases, the
voltage across the diode:

a) increases

b) decreases

c) is relatively constant

d) increases and then decreases

Which statement best describes a semiconductor?
a) A material with many free electrons.

b) A material doped to have some free electrons.
c) A material with few free electrons.

d) None of these.

As the forward current through a silicon diode decreases, the internal
resistance of the diode will:

a) increase

b) decrease

c) remain the same

d) either b or ¢

A silicon diode measures a high value of resistance with the meter leads
in both positions. The trouble, if any, is:

a) the diode is open

b) the diode is shorted to ground

c) the diode is internally shorted

d) the diode is ok

A silicon diode is reverse biased. The voltage measured to ground from
the anode is , and the voltage to ground from the anode is
a) 16 V, 15.3 V

b) -16 V, -16.7 V

c) 0.2V, -0.5V

d) 15.3V, 16 V

The forward voltage across a conducting silicon diode is about:
a) 1.3V
b) 0.3V
c) 0.7V
d) -0.3V
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To change ac to pulsating dc, the best type of diode to use might be:
a) a Shockley diode

b) a Zener diode

c) a rectifier diode

d) a photodiode

An unknown type diode is in a circuit. The voltage measured across it
was found to be 0.3 V. The diode is:

a) a silicon diode

b) a germanium diode

c) a transistor

d) none of the above

A reverse-biased diode has the connected to the positive side
of the source, and the connected towards the negative side of
the source.

a) cathode, anode
b) cathode, base
c) base, anode

d) anode, cathode

A silicon diode is forward biased. You measure the voltage to ground
from the anode at V, and the voltage from the cathode to ground

The boundary between p-type material and n-type material is called:
a) a diode

b) a reverse-biased diode

c) a PN junction

d) a forward-biased diode

The Atomic number of an atom refers to the:
a) number of protons in the nucleus

b) number of electrons in a charged atom
c) net electrical charge of the atom

d) number of neutrons in the nucleus

Electrons orbiting the nucleus of an atom are grouped into energy bands
known as:

a) orbits

b) tracks

c) shells

d) tunnels

Valence electrons have the energy level of all the electrons
in orbit around the nucleus of a given atom.

a) lowest

b) highest

c) same

d) none of the above
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26. The difference in energy levels that exists between the valence band and
the conduction band is called:
a) co-valent gap
b) semi-conductor region
¢) Then-nal energy gap

d) energy gap

27. The valence electron of a copper atom experiences what kind of
attraction toward the nucleus?
a) None
b) Weak
c) Strong
d) Impossible to say

28. Which of the following cannot actually move?
a) Holes
b) Free electrons
c¢) lons
d) Majority carriers

29. Reverse bias is a condition that essentially current through
the diode.
a) prevents
b) allows
c) increases
d) blocks

30. The knee voltage of a diode is approximately equal to the:
a) applied voltage
b) barrier potential
c) breakdown voltage
d) forward voltage

31. How is a non-conducting diode biased?
a) Forward
b) Inverse
c) Poorly
d) Reverse

32. What kind of a device is a diode?
a) Bilateral
b) Linear
c¢) Nonlinear
d) Unipolar

33. How much forward diode voltage is there with the ideal-diode
approximation?
a) 0v
b) 0.7 V
c) More than 0.7 V
d) 1V
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34. The dynamic resistance r; of a forward biased PN junction diode is

smallest:

a) below the knee

b) above the knee

¢) in the breakdown region
d) in cutoff

35. If the positive lead of an ohmmeter is placed on the cathode and the
negative lead is placed on the anode, which of the following readings
would indicate a defective diode?

a) 0Q
b) «Q
c) 50Q
d) 1 K@
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1. Answer: b Difficulty: 2
2. Answer: b Difficulty: 2
3. Answer: a Difficulty: 2
4. Answer: b Difficulty: 2
5. Answer: a Difficulty: 2
6. Answer: ¢ Difficulty: 2
7. Answer: a Difficulty: 2
8. Answer: a Difficulty: 2
9. Answer: a Difficulty: 2
10. Answer: b Difficulty: 2
11. Answer: d Difficulty: 2
12. Answer: ¢ Difficulty: 2
13. Answer: b Difficulty: 2
14. Answer: a Difficulty: 2
15. Answer: a Difficulty: 2
16. Answer: d Difficulty: 3
17. Answer: ¢ Difficulty: 2
18. Answer: c¢ Difficulty: 2
19. Answer: b Difficulty: 2
20. Answer: a Difficulty: 3
21. Answer: b Difficulty: 3
22. Answer: ¢ Difficulty: 2
23. Answer: a Difficulty: 1 Section: 1
24. Answer: ¢ Difficulty: 2 Section: 1

25. Answer: b Difficulty: 2 Section: 1
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Chapter 2: Diode Applications

MULTIPLE CHOICE

1. A diode conducts currents when forward biased and blocks current when
reverse biased.
a) true
b) false

2. The larger the ripple voltage, the better the filter.
a) true
b) false

3. Clamping circuits use capacitors and diodes to add a dc level to a
waveform.
a) true
b) false

4. The diode in a half-wave rectifier conducts for of the input
cycle.
a) 0°
b) 45°
c) 90°
d) 180°

5. A full-wave bridge rectifier uses diode(s) in a bridge
circuit.
a) 1
b) 2
c) 3
d) 4

6. A silicon diode is connected in series with 10 kQ resistor and a 12 V
battery. If the cathode of the diode is connected to the positive
terminal of the battery, the voltage from the anode to the negative
terminal of the battery is:

a) 0v

b) 0.7V

c) 11.3V

d) 12V
[ 2l .

v2.4| ;C: T
T lgrilg

Figure 2-1
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7. Refer to Figure 2-1. If the voltmeter across the transformer secondary
reads 0 V, the probable trouble, if any, would be:
a) one of the diodes is open
b) the filter capacitor is shorted
c) the transformer secondary is open
d) the inductor is open
e) everything is normal

8. Refer to Figure 2-1. In servicing this power supply, you notice that
the ripple voltage is higher than normal and that the ripple frequency
has changed to 60 Hz. The probable trouble is:

a) the filter capacitor has opened
b) the inductor has opened

c¢) a diode has shorted

d) a diode has opened

Ry avay

Input l_:: oo | Input I—:.' oo
(@) ®)

=

Input I—: co Input = oo

© @

!

Figure 2-2

9. Refer to Figure 2-2 (a). This oscilloscope trace indicates the output
from:
a) a half-wave filtered rectifier
b) a full-wave rectifier with no filter and an open diode
¢) a full-wave filtered rectifier
d) a full-wave filtered rectifier with an open diode

10. Refer to Figure 2-2 (b). The trace on this oscilloscope indicates the
output from:
a) a half-wave rectifier with no filter
b) a full-wave rectifier with no filter
¢) a full-wave filtered rectifier
d) a full-wave filtered rectifier with an open diode

11. Refer to Figure 2-2 (c). This is the output from:
a) a half-wave rectifier with no filter
b) a full-wave rectifier with no filter and an open diode
¢) a full-wave filtered rectifier
d) a full-wave filtered rectifier with an open diode

12. Refer to Figure 2-2 (d). This trace shows the output from:
a) a half-wave rectifier with no filter

b) a full-wave rectifier with no filter and an open diode

c) a full-wave filtered rectifier

d) a full-wave filtered rectifier with an open diode
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AYAYAY% A%
30V 2kQ +$_V +30 V. 2kQ +i.V
o L VYout [¢] L out
-30 v 12YT 30V 12YT
(@ ®)
o— AAA——9—o AYAY%AY,
+30V 2kQ ; +30V 2kQ % ”
0 oL Vout 0 127 £ Yout
B0y T 30V T
© @

Figure 2-3

13. Refer to Figure 2-3. These circuits are known as:
a) amplifiers
b) clippers
c) clampers
d) rectifiers

AAN— v YWY

30V 2kQ +i +30 2kQ +$ v
0 L Tout 0 L out

B0V 12YT =30 v i

(2) ®)
AAY% ' AA%AY ’
30V 2kQ i +30V 2kQ %
a%._ =T Vou 0 gL Vou
30y 8 * 30V me
5
© Figure 2-3 @

30V 30V
12V 12V
[ w A o _
-12V
\ ] @
30V -30v

(@ ®) © (d
Figure 2-4

14. Which of the circuits in Figure 2-3 will produce the signal in Figure
2-47
a) (a)
b) (b)
¢) (¢)
d) (d)

15. Which of the circuits in Figure 2-3 will produce the signal in Figure
2-4 (b)?
a) (a)
b) (b)
¢) (c)
d) (d)
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Which of the circuits in Figure 2-3 will produce the signal in Figure

2-4 (c)?
a) (a)
b) (b)
¢) (¢)
d) (d)

Which of the circuits in Figure 2-3 will produce the signal in Figure

2-4 (d)?
a) (a)
b) (b)
c) (¢)
d) (d)

'} "
Input—[— Output Tnput J__ é } Output

@

® .
Output O
Input _L_ e Input _J__ } -
O . - ;i .
C)

©

Figure 2-5

Refer to Figure 2-5 (c¢). This rectifier arrangement:
a) will produce a positive output voltage

b) will produce a negative output voltage

c) is incorrectly connected

d) a or c

Refer to Figure 2-5 (d). This rectifier arrangement:
a) will produce a positive output voltage

b) will produce a negative output voltage

c) is incorrectly connected

d) none of the above

A silicon diode has a voltage to ground of 117 V from the anode.

voltage to ground from the cathode is 117.7 V. The diode is:
a) open

b) shorted

c¢) forward biased

d) reverse biased

=3 B

Figure 2-1
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Chapter 2: Diode Applications

21. Refer to Figure 2-1. The probable trouble, if any, indicated by these
voltages:
a) is one of the diodes is open
b) is a diode is shorted
c) is an open transformer secondary
d) is the filter capacitor is shorted
e) is no trouble exists

22. Refer to Figure 2-1. If the voltmeter across the transformer reads 0 V,
the probable trouble, if any, would be:
a) one of the diodes is open
b) is an open transformer secondary
c) is the filter capacitor is shorted
d) no trouble exists

]
. §
L

§

Input = Input = oo

@ ®)

Input I—: oo

© @

Input

:
|

Figure 2-2

23. Refer to Figure 2-2. Which oscilloscope trace indicates the output from
a full-wave rectifier with an open diode?
a) (a)
b) (b)
c) (c)
d) (d)

24. The ripple frequency of a bridge rectifier is:
a) the same as the input frequency
b) double the input frequency
c) four times the input frequency
d) cannot be determined

1 L]
O
Input J—-—- utpt Input _L_E }_Om’;ut
' (b) L)

@

. [ ]
Output § ‘ Output
Input f utput Input J:_ } utpul
- ' - L
(d

©

Figure 2-5
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Refer to Figure 2-5. Which diode arrangement is correct to supply a
positive output voltage?

a) (a)

b) (b)

c) (¢)

d) (d)

With a half-wave rectified voltage across the load resistor, load
current flows for what part of a cycle?

a) 0 degrees

b) 90 degrees

c) 180 degrees

d) 360 degrees

When a 60 Hz sinusoidal signal voltage is applied to the input of a
half-wave rectifier, the output frequency is:

a) 120 Hz

b) 60 Hz

c) 30 Hz

d) 90 Hz

The average value of the half-wave rectified output voltage is
approximately of Vp.

a) 31.8%

b) 63.6%

c) 70.7%

d) 100%

Using a practical diode as a model, what would V,(our) equal if Vj iy
was 10 VAC?

a) 10 VAC

b) 9.3 VAC

c) 10.7 VAC

d) 10.3 VAC

One of the advantages of using transformer coupling in a half-wave
rectifier 1s that i1t allows the ac source to be directly connected to
the load.

a) true

b) false

If input frequency is 60 Hz, the output frequency of a bridge rectifier
is:

a) 30 Hz

b) 60 Hz

c) 120 Hz

d) 240 Hz

To obtain an output voltage with a peak equal to the input peak (minus
.7V), what type of transformer and turns ratio is needed?

a) Step-down/turns ratio = 2

b) Step-down/turns ratio = 4

c) Step-up/turns ratio = 2

d) Step-up/turns ratio = 4
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33. The dc current through each diode in a bridge rectifier equals:
a) twice the dc load current
b) half the dc load current
c) the load current
d) one-forth the dc load current

34. The peak inverse voltage across a nonconducting diode is a bridge
rectifier that equals approximately:
a) half the peak secondary voltage
b) twice the peak secondary voltage
c) the peak value of the secondary voltage
d) four times the peak value of the secondary voltage

35. The PIV rating of a diode in a full-wave bridge rectifier is more than
that required for a full-wave center-tapped configuration.

a) true
b) false

36. The ideal dc output voltage of a capacitor-input filter equals the:
a) rms value of the rectified voltage
b) peak value of the rectified voltage
c) average value of the rectified voltage
d) peak-to-peak value of the secondary voltage

37. A filtered full-wave rectifier voltage has a smaller ripple than does a
half-wave rectifier voltage for the same load resistance and capacitor
values because:

a) shorter time between peaks

b) longer time between peaks

c) the larger the ripple, the better the filtering action
d) none of the above

38. If the output of a voltage regulator varies from 20 to 19.8 V when the
line voltage varies over its specified range, the source regulation is:
a) 0%
b) 1%
c) 2%
d) 5%

39. Thermal shutdown occurs in an IC regulator if:
a) power dissipation is too high
b) internal temperature is too high
c) current through the device is too high
d) all the above occur

40. The efficiency of a voltage regulator is high when:
a) input power is low
b) output power is high
c) little power is wasted
d) input power is high
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An increase of line voltage into a power supply usually produces:
a) a decrease in load resistance

b) an increase in load voltage

c) a decrease in efficiency

d) less power dissipation in the rectifier diodes

A diode clamper will:

a) clip off a portion of the input signal

b) eliminate the positive or negative alternation of a signal
¢) add an ac voltage to a signal

d) add a dc voltage to a signal

Voltage multipliers use action to increase peak rectified
voltages without the necessity of increasing the input transformer
voltage rating.

a) clipping

b) clamping

c) charging

d) cropping

Which of the following diode information is not provided by a
manufacturer's datasheet?

a) Frequency response

b) PIV ratings

c) Mechanical data

d) Temperature parameters

The complete trouble-shooting process contains how many steps?
a) 4
b) 5
c) 6
d) 7
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Chapter 3: Special-Purpose Diodes

MULTIPLE CHOICE

1.

The regulating ability of a Zener diode depends upon its ability to
operate in a breakdown condition.

a) true

b) false

. Dark Current is the amount of thermally generated forward current in a

photodiode in the absence of light.
a) true
b) false

. A diode maintains a constant voltage across it when operating in

the breakdown condition.
a) silicon

b) germanium

c) Zener

d) none of the above

. A tunnel diode has characteristic(s).

a) an extremely narrow depletion region
b) a negative resistance

¢) no breakdown effect

d) all of the above

. Typically, the maximum Vg for an LED is between:

a) 0 Vand 1V

b) 1 Vand 1.2V
c) 1.2 Vand 3.2V
d) 3.2 Vand 4V

A 5.1 V Zener has a resistance of 8 Q. The actual voltage across its
terminals when the current is 20 mA is:

a) 5.1V
b) 100 mV
c) 5.26 V
d) 4.94V

R

VWY *
Vin VA Load
Figure 3-1

. Refer to Figure 3-1. If V;, increases, Vg will:

a) increase

b) decrease

c) remain the same

d) cannot be determined
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. Refer to Figure 3-1. If Vgp increases, Iz will:

a) increase

b) decrease

c) remain the same

d) cannot be determined

. Refer to Figure 3-1. Measurements show that Vgp has increased. Which

of the following faults, if any, could have caused this problem?
a) R opens

b) The Zener shorts

c) V;, has decreased

d) The Zener opens

Refer to Figure 3-1. If Vyp attempts to decrease, Ig will:
a) increase

b) decrease

c) remain the same

d) cannot be determined

Refer to Figure 3-1. If the load current increases, Ig will and
I; will .

a) remain the same, increase

b) decrease, remain the same

c) increase, remain the same

d) remain the same, decrease

Refer to Figure 3-1. If V;, decreases, Ig will:
a) increase

b) decrease

c) remain the same

d) cannot be determined

b A

(@ ® © (d) @©
Figure 3-2

Refer to Figure 3-2 (a). The symbol is for:
a) a Zener diode

b) an LED

¢) a Schottky diode

d) a photodiode

e) a tunnel diode
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14. Refer to Figure 3-2 (b). The symbol is for:
a) a Zener diode
b) an LED
c) a Schottky diode
d) a photodiode
e) a tunnel diode

15. Refer to Figure 3-2 (c). The symbol is for:
a) a zener diode
b) an LED
¢) a Schottky diode
d) a photodiode
e) a tunnel diode

16. Refer to Figure 3-2 (d). The symbol is for:
a) a Zener diode
b) an LED
¢) a Schottky diode
d) a photodiode
e) a tunnel diode

17. Refer to Figure 3-2 (e). The symbol is for:
a) a Zener diode
b) an LED
c¢) a Schottky diode
d) a photodiode
e) a tunnel diode

18. A varactor is a diode that:
a) varies its resistance with temperature
b) changes its capacitance with voltage
c) emits light when forward biased
d) switches very fast
e) exhibits an increase in reverse current with light intensity

19. A Schottky diode is a diode that:
a) varies its resistance with temperature
b) changes its capacitance with voltage
c) emits light when forward biased
d) switches very fast
e) exhibits an increase in reverse current with light intensity

20. A photodiode is a diode that:
a) varies its resistance with temperature
b) changes its capacitance with voltage
c) emits light when forward biased
d) switches very fast
e) exhibits an increase in reverse current with light intensity
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An LED is being tested by placing it in a forward bias position across a
5 V dc supply. The correct conclusion would be:

a) nothing is wrong with the LED, go ahead and use it

b) your test was correct, but the LED was bad

c) your test was incorrect and the LED is now bad

d) there is no way to test the LED. Put in a new one

A diode with a negative-resistance characteristic is needed. A correct
selection might be:

a) a tunnel diode

b) a Gunn diode

c) a varactor diode

d) a Schottky diode

A 6.2V Zener is rated at 1 watt. The maximum safe current the Zener
can carry is:

a) 1.61 A

b) 161 mA

c) 16.1 mA

d) 1.61 mA

An LED is forward biased. The diode should be on, but no light is
showing. A possible problem might be:

a) the diode is open

b) the series resistor is too small

c) none, the diode should be off if forward biased

d) the power supply voltage is too high

The best type of diodes to use in a turning circuit is:
a) an LED

b) a Schottky diode

c¢) a Gunn diode

d) a varactor

What is true about the breakdown voltage in a Zener diode?
a) It decreases when current increases

b) It destroys the diode

c) It equals the current times the resistance

d) It is approximately constant

Two types of reverse breakdown in a Zener diode are:
a) avalanche and Zener

b) avalanche and reverse

¢) avalanche and forward

d) charge and discharge

If the load current increases in a Zener regulator:
a) the series current increases
b) the series current remains the same
¢) the Zener current increases
d) both b and c above
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29. For Zener diodes, the temperature coefficient is:
a) always positive
b) always negative
c¢) negative for breakdown voltages less than 5 V and positive for
breakdown voltages greater than 6 V
d) always zero

30. Data sheets for Zener diodes usually specify the Zener voltage at a
particular test current designated:
a) IS
b) Iz
c) Izy
d) Iy

31. When the source voltage increases in a Zener regulator, which of these
currents remains approximately constant?
a) Series current
b) Zener current
c¢) Load current
d) Total current

32. If the load resistance decreases in a Zener regulator, the Zener
current:
a) decreases
b) stays the same
c) increases
d) equals the source voltage divided by the series resistance

33. If the load resistance decreases in a Zener regulator, the series
current:
a) decreases
b) stays the same
¢) Increases
d) equals the source voltage divided by the series resistance

34. The varactor is usually:
a) forward biased
b) reverse biased
c) unbiased
d) operated in the breakdown region

35. The capacitance of a varactor diode:
a) remains constant as the bias voltage varies
b) decreases as the reverse bias voltage increases
c) increases as the reverse bias voltage increases
d) is usually 1000 uF or more

36. A photodiode is normally:
a) reverse biased
b) forward biased
¢) not biased
d) used to regulate voltage
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When the light increases, the reverse minority carrier current in a

photodiode:

a) decreases

b) increases

c) is unaffected

d) reverses direction

A blown-fuse indicator uses a:
a) Zener diode

b) constant-current diode

c) light-emitting diode

d) back diode

To display the digit 8 in a seven-segment indicator:

a) C must be lighted

b) G must be off

¢) F must be on

d) all segments must be on

Typically the forward voltage on an LED is between:
a) 1.2 to 3.2V

b) 0.7 to 1.1V

c) 1.5V to 3.7V

d)1to6V

A Schottky diode:

a) has a forward voltage drop of about 2 V

b) has no limit on maximum current

c) has no charge storage

d) cannot operate properly at high frequencies

The PIN diode, when reverse biased acts like a nearly constant

a) resistance
b) capacitance
c) voltage source
d) current source

Which of the following has a negative-resistance region?

a) Tunnel diode

b) Step-recovery diode
c) Schottky diode

d) Optocoupler

When Laser diodes are operating above their threshold level of current,

they produce:

a) incoherent light
b) coherent light

c) high frequency

d) none of the above
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45. When the reverse voltage increases, the capacitance:
a) decreases

b) stays the same
c) increases
d) has more bandwidth
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Chapter 4: Bipolar Junction Transistors (BJTs)

MULTIPLE CHOICE

1. BJT transistors have two PN junctions.
a) true
b) false

2. A BIT transistor has the base-emitter junction reverse biased for proper
operation.
a) true
b) false

3. The ratio Ig/I¢c is Byc-
a) true
b) false

4. Proper operation of a BJT requires that the base-collector junction
should be reverse biased.
a) true
b) false

5. The formula for Ip is, Ic = Ig - Ig.
a) true
b) false

6. A BJT has an Iz of 75 pA and a B4, of 100. The value of I¢ is:
a) 175 pA
b) 75 mA
c¢) 10 mA
d) 7.5 mA

7. A certain transistor has an Ic = 12 mA and an Ig = 125 pA. B4, is:
a) 150
b) 15
c) 96
d) 12

8. Normal operation of an NPN BJT requires the base to be with
respect to the emitter, and with respect to the collector.
a) positive, negative
b) positive, positive
c) negative, positive
d) negative, negative

9. A transistor amplifier has an input voltage of 67 mV and an output
voltage of 2.48 V. The voltage gain is:
a) 67
b) 37
c) 27
d) 17
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Chapter 4: Bipolar Junction Transistors (BJTs)

10.

11.

12.

13.

14.

15.

A 22 mV signal is applied to the base of a properly biased transistor
that has an r, = 7 Q and an Rc = 12 kQ. The output voltage at the
collector 1is:

a) 22 mV

b) 17.1 V

c) 7V

d) 3.77 V

Figure 4-1

Refer to Figure 4-1. This circuit is operating:
a) in cutoff

b) in saturation

c) normally

d) incorrectly because the bias voltages are wrong

Refer to Figure 4-1. The value of I is:
a) 8.6 mA

b) 860 uA

c) 1 mA

d) 0.7 pA

Refer to Figure 4-1. If the value of Vgg were increased to 10 V, the
transistor would be:

a) cut off

b) saturated

c) operating ok

d) cannot be determined

Refer to Figure 4-1. If this transistor is operating in saturation,
minimum value of Ic(g,¢) flowing is:

a) 9.4 mA

b) 4.26 mA

c) 28.6 mA

d) 42.6 mA

Refer to Figure 4-1. Assume that this circuit is operating in cutoff.
The measurement, if any, that would confirm this assumption is:
a) VBE =0.7V

b) Vog = 8 V
C) VCE =20V
d) Voc =20 V

e) none of these
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17.

18.

19.

Testbank

10V
47kQ
=]
Rg
Vine Bgc =200
12MQ
Figure 4-2

Refer to Figure 4-2. The value of Ic at cutoff is:
a) 0 mA

b) 2.13 mA

c) 10.65 pA

d) 10 mA

Refer to Figure 4-2. If the value of the collector resistor is
increased to 6.8 kQ, the new value of Ic(ga¢) 1S:

a) 2.13 mA

b) .68 mA

c) 1.47 mA

d) 0 mA

+20V
25kQ
RB °
Vin @
Figure 4-3

Refer to Figure 4-3. If the collector resistor value is changed to 4.7
kQ and 4. = 200, Ic(sat) would be:

a) 4.26 mA

b) 8 mA

c) 4.26 pA

d) 8.426 mA

Refer to Figure 4-3. If the measure voltage from the collector to
ground was O V, the transistor is operating in:

a) saturation

b) cutoff

c) normal

d) not enough data
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Chapter 4: Bipolar Junction Transistors (BJTs)

20. Refer to Figure 4-3. This circuit is saturated. To get the circuit to

21.

22.

23.

operate close to its linear range:
a) Rg should be decreased
b) Rc should be decreased
¢) V;, should be increased
d) Rg should be increased

A 35 mV signal is applied to the base of a properly biased transistor
with an r, = 8 Q and Rc = 1 kQ. The output signal voltage at the
collector is:

a) 3.5V

b) 28.57 V

c) 4.375V

d) 4.375 mV

Figure 4-1

Refer to Figure 4-1. The value of Vcg is:

a) 9.9V
b) 9.2V
c) 0.7V
d) 19.3V
10V
47kQ

RB (=]
Vine B =200

12MQ

Figure 4-2

Refer to Figure 4-2. The minimum value of Ig that will produce
saturation 1is:

a) 0.25 mA

b) 5.325 pA

c) 1.065 pA

d) 10.65 pA
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25.
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28.

29.
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+20V

25kQ

Figure 4-3

Refer to Figure 4-3. The voltage Vcg was measured and found to be 20 V.
The transistor is operating in:

a) saturation

b) cutoff

¢) normal

d) not enough data

Refer to Figure 4-3. If Vo is measured and is equal to nearly zero,
the transistor is operating in:

a) cutoff

b) normally

c) saturation

d) cannot be determined

In an NPN transistor, the majority carriers in the base are:
a) free electrons

b) holes

¢) neither

d) both

The base of an NPN transistor is thin and:
a) heavily doped

b) lightly doped

c) metallic

d) doped by a pentavalent material

In a transistor, the relation of the three transistor currents is:

a) IC = IE + EC
b) I¢ = Ig - 2Ig
C) IE = IC + IB
d) IC = IE + IB

A transistor has a B DC of 250 and a base current, Ig, of 20 pA. The
collector current, Ic, equals:

a) 500 pA

b) 5 mA

c) 50 mA

d) 5A
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Chapter 4: Bipolar Junction Transistors (BJTs)

30. In a transistor, collector current is controlled by:
a) collector voltage
b) base current
¢) collector resistance
d) all of the above

31. Most of the electrons in the base of an NPN transistor flow:
a) out of the base lead
b) into the collector
c) into the emitter
d) into the base supply

32. When a transistor is operated in the active region, changes in the
collector voltage Vgc:
a) produce changes in collector current
b) produce changes in base voltage
c) have little or no effect on collector current
d) produce changes in emitter voltage

33. A bipolar junction transistor has regions of operation.
a) 1
b) 2
c) 3
d) 4

34. Which region in a transistor has to dissipate the most heat?
a) Emitter
b) Base
c) Collector
d) Anode

35. The symbol hgg is the same as:
a) pDC
b) oDC
c) hj-fj
d) pac

36. Vog approximately equals when a transistor switch is in
saturation.
a) VC
b) Vg
c) 0.2V
d) 0.7V

37. When a transistor switch is on, the collector current is limited by
a) the base current
b) the load resistance

c) the base voltage
d) the base resistance
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38.

39.

40.

41.

42.

43.

44.

Testbank

The signal output voltage (V,,¢) is a function of the

a) current flowing base to collector

b) voltage drop emitter to base

c) power being dissipated in the collector

d) changing collector current (Ic) flowing through the collector
resistor Re

The signal voltage gain of an amplifier, Ay, is defined as:
a) , _Vin

\

out

b) Ay = I, x R,
c) R

A - —C

V re
d) R

A - —=C

V RL

When transistors are used in digital circuits they usually operate in
the:

a) active region

b) breakdown region

c) saturation and cutoff regions

d) linear region

When trouble-shooting a Bipolar Junction Transistor using an ohmmeter,
and one of the junctions reads low in both directions, the junction is
shorted and the transistor is bad. If one of the junctions reads high in
both directions, the junction is shorted and the transistor is good?

a) true

b) false

The transistor provides the control function of opening or closing a

a) voltage path
b) current path
c) power path
d) ground path

When a transistor switch is on, the collector current is limited by

a) the base current
b) the load resistance
c) the base voltage
d) the base resistance

A transistor output characteristic curve is a graph showing:

a) emitter current (Ig) versus collector/emitter voltage (Vqg) with (Ip)
base current held constant.

b) collector current (Ic) versus collector/emitter voltage (Vcg) with
(Ig) base current held constant.

c) collector current (Ic) versus collector/emitter voltage (Vo) with
(Ig) base current held constant.

d) collector current (I¢) versus collector/emitter voltage (Vcc) with
(Ig) base current held constant.
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Chapter 4: Bipolar Junction Transistors (BJTs)

1. Answer: a Difficulty: 2
2. Answer: b Difficulty: 2
3. Answer: b Difficulty: 2
4. Answer: a Difficulty: 2
5. Answer: a Difficulty: 2
6. Answer: d Difficulty: 2
7. Answer: c¢ Difficulty: 2
8. Answer: a Difficulty: 2
9. Answer: b Difficulty: 2
10. Answer: d Difficulty: 2
11. Answer: ¢ Difficulty: 3
12. Answer: b Difficulty: 2
13. Answer: b Difficulty: 3
14. Answer: d Difficulty: 3
15. Answer: ¢ Difficulty: 3
16. Answer: a Difficulty: 2
17. Answer: ¢ Difficulty: 2
18. Answer: a Difficulty: 2
19. Answer: a Difficulty: 2
20. Answer: d Difficulty: 3
21. Answer: c¢ Difficulty: 2
22. Answer: a Difficulty: 2
23. Answer: d Difficulty: 2
24. Answer: b Difficulty: 2

25. Answer: ¢ Difficulty: 3
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Chapter 5: Transistor Bias Circuits

MULTIPLE CHOICE

1. Biasing a BJT amplifier means setting the dc voltages with the correct
bias for proper operation.
a) true
b) false

2. A transistor operating in saturation has very little current flowing.
a) true
b) false

3. The base of fixed-bias circuit arrangement provides good stability
because the Q-point does not vary with temperature.
a) true
b) false

4. Negative feedback in the collector-feedback circuit provides a more
stable operation.
a) true
b) false

5. The correct formula for finding the dc current gain is Bg. = Ic/Ip.
a) true
b) false

6. A certain transistor in a fixed-bias circuit has these values, I =
50 pA, Bge. = 125, V¢ =18 V, and Re = 1.2 kQ. V¢ is:
a) 0v
b) 7.5V
c) 10.5V
d) 18V

7. An indication of cutoff is that:
a) Ic = Ig(sat)
b) Ve =0V
C) VBE =0.7V
d) Vcg = Vee

Vee
+12V

Re¢
Rg 1.5kQ
266 kQ Ve=6V

S

Figure 5-1

8. Refer to Figure 5-1. This transistor is biased for operation.
a) saturation
b) linear
c¢) cutoff
d) a or c
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11.

12.

13.

14.

Testbank

Refer to Figure 5-1. The voltage on the base of this silicon transistor
is:

a) 0.3V

b) OV

c) 12V

d) 11.3V

e) 0.7V

Refer to Figure 5-1. If B4, = 100, the minimum value of Iy that would
cause this transistor to saturate 1is:

a) 100 pA

b) 50 uA

c) 1 mA

d) 0.1 mA

Refer to Figure 5-1. If V¢ is increased to 9 V, the change that is
correct to do is to:

a) increase the value of Ry

b) replace the transistor with one with a higher B4,

c) decrease the value of Ry

d) increase the value of R

20V

Re
Ry

Bg4c=100

Ig=50 A
L) Rg
10kQ 500 Q
Figure 5-2

Refer to Figure 5-2. The value of Rc that will produce a value of Vg =
10 V is:

a) 2.2 kQ

b) 2 kQ

c) 1 kQ

d) 500

Refer to Figure 5-2. If the transistor were replaced with a transistor
whose B4, = 200, the change that might occur is:

a) Vo would increase to near 20 V

b) V¢ would decrease to near 0 V

c) Ig would increase significantly

d) V¢ would change a small amount

Refer to Figure 5-2. If Vo =10 V, the minimum value of Iy that would
cause saturation is:

a) 10 mA

b) 8 mA

c) 80 uA

d) 100 pA
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Chapter 5: Transistor Bias Circuits

15. Refer to Figure 5-2. The purpose for R; and R, is:
a) to form an upper limit for the base voltage
b) to stabilize the operating point with negative feedback
c) to develop the output voltage
d) to maintain Vgg at 0.7 V

16. Refer to Figure 5-2. The purpose of R 1is:
a) to form an upper limit for the base voltage
b) to stabilize the operating point with negative feedback
c) to develop the output voltage
d) to maintain Vgg at 0.7 V

17. Refer to Figure 5-2. The purpose of Rg is:
a) to form an upper limit for the base voltage
b) to stabilize the operating point with negative feedback
c) to develop the output voltage
d) to maintain Vgg at 0.7 V

18. Two important easily measured values that determine if a transistor
amplifier is operating correctly are:
a) Bqc and Ip
b) IC and VC
c) Vo and Vpg
d) VBE and IE

19. Saturation and cutoff are operating conditions that are very useful when
operating the transistor:
a) as a linear amplifier
b) as a switch
c) as a current amplifier
d) none of the above

20. For linear operation, it is usual to set the Q-point so that:
a) Veg 9 Vec
b) Vcg 0 Vg
C) VCE 4 Vcc/4
d) VCE 4 Vcc/2

s+12V +20V
Ry <Rc ! Re
el 3lka 50kl
Vs i
. Ry LlRgp Rt
E T E L
e §106Q 1kQ
"Bdc =180 Bdc =150
Figure 5-3 (2 Figure 5-3 ()

21. Refer to Figure 5-3 (a). The most probable cause of trouble, if any,
from these voltage measurements would be:
a) the base-emitter junction is open
b) Rg is open
c) a short from collector to emitter
d) no problems
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23.

24.

25.

26.

27.

Testbank

Refer to Figure 5-3 (b). The most probable cause of trouble, if any,
from these voltage measurements is:

a) the base-emitter junction is open

b) Rg is open

c¢) a short from collector to emitter

d) no problems

e +2V 2 +9V
B E*R‘i [7, 3% 3
27k9<*5 devs — ko Bk,
'V' = Vs
:C R2 Re =
ka 5%9 782kQ 1kQ
Bae= 100 B=120
Figure 5-3 (2 Figure 5-3 (d)

Refer to Figure 5-3 (c). The most probable cause of trouble, if any,
from these voltage measurements is:

a) the base-emitter junction is open

b) Rg is open

c) a short from collector to emitter

d) no problems

Refer to Figure 5-3 (d). The most probable cause of trouble, if any,
from these voltage measurements is:

a) the base-emitter junction is open

b) Rg is open

c) a short from collector to emitter

d) no problems

The most suitable biasing technique used is the:
a) base-bias

b) emitter-bias

c) voltage-divider bias

d) collector-bias

Improper biasing can cause distortion in transistor circuits:
a) input signal

b) output signal

c) input/output signal

d) frequency response

On a dc load line, the area between saturation and cutoff is called the:

a) saturation zone
b) depletion region
c) linear region

d) breakdown region
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Chapter 5: Transistor Bias Circuits

28.

29.

30.

31.

32.

33.

34.

35.

Three different Q points are shown on a dc load line. The upper Q point
represents the:

a) minimum current gain

b) intermediate current gain

c) maximum current gain

d) cutoff point

If a transistor operates at the middle of the dc load line, a decrease
in the current gain will move the Q point:

a) off the load line

b) nowhere

c) up

d) down

The input resistance, R;,, of a voltage-divider biased NPN transistor is
by a factor of Peta.

stepped-up
stepped-down

not affected

none of the above

aon o

Voltage-divider bias provides:

a) an unstable Q point

b) a stable Q point

c) A Q point that easily varies with changes in the transistor's current
gain

d) both a and ¢ above

For transistors using voltage-divider bias, the base current should be:
a) much larger than the current through the voltage divider

b) about one-half the collector current

¢) much smaller than the current through the voltage divider

d) Beta times larger than the collector current

With voltage-divider bias, the base voltage is:
a) less than the base supply voltage

b) equal to the base supply voltage

c) greater than the base supply voltage

d) greater than the collector supply voltage

Base bias provides:

a) a very stable Q point

b) a very unstable Q point

c) no current gain

d) zero current in the base and collector circuits

A circuit with a fixed emitter current is called:
a) base-bias

b) emitter-bias

c) transistor-bias

d) two-supply bias
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40.

41.

42.

43.
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For emitter bias, changes in current gain:
a) do not affect the Q point

b) severely affect the Q point

¢) do not occur in the transistor

d) affect the collector voltage

For collector feedback bias, the Q point is set near the center of the
load line by making:

a) Rg = BpcRe
c
Ry =
87 Byc
d) Re = BpcRy
The Q-point of a Two Supply Emitter-Bias circuit is not affected by:
a) Vec

b) collector resistance
c) emitter resistance
d) current gain

When measuring the resistance between the collector and emitter with an
ohmmeter, the reading should be:

a) low in both directions

b) high in both directions

c) high in one direction and low in the other

d) zero both ways

The emitter resistor in a voltage-divider bias circuit is shorted. The
collector voltage will equal approximately:

a) Vee

b) OV

c) one-half V¢c

d) none of the above

If the base-emitter junction opens in a voltage-divider bias circuit,
the emitter voltage will measure:

a) 0 v

b) 0.7 V less than the base

¢) 0.7 V more than the base

d) a voltage nearly equal to Vgc

If the collector resistor decreases to zero in a base-biased circuit,
the load line will become:

a) horizontal

b) vertical

c) useless

d) flat

The first step in analyzing emitter-based circuits is to find the:
a) base current

b) emitter voltage

c) emitter current

d) collector current
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Chapter 5: Transistor Bias Circuits

44 . If the current gain is unknown in an emitter-biased circuit, you cannot
calculate the:
a) emitter voltage
b) emitter current
c) collector current
d) base current

45. If the emitter resistor is open, the collector voltage is:
a) low
b) high
¢) unchanged
d) unknown
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Chapter 6: BJT Amplifiers

MULTIPLE CHOICE

1.

A common-emitter amplifier has very high input impedance, high voltage
gain, and high current gain.

a) true

b) false

. A high input impedance amplifier could be a Darlington pair.

a) true
b) false

. A common-collector amplifier is also known as an emitter follower.

a) true
b) false

The total voltage gain, expressed as a ratio, of a multistage amplifier
is the sum of the individual voltage gains.

a) true
b) false

. A common-base amplifier has a high current gain.

a) true
b) false

A certain transistor has a dc emitter current of 25 mA. The value of r.

b) 2.5 Q
c) 1.2 Q
d) 1 Q.
+20V
R, SkQ
22k R 9%w
luF

A Vin Bdc=6=100

5k9 mog

Figure 6-1

Refer to Figure 6-1. The value of V¢ is:
a) 20V
b) 10V
c) 5V
d) oV
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10.

11.

12.

13.

14.

15.

. Refer to Figure 6-1.

voltage gain:

a) would not change
b) would decrease
c) would increase

BIT Amplifiers

If an emitter-bypass capacitor was added, the

d) would decrease to zero

. Refer to Figure 6-1.

a) 0v
b) 20 V
c) 10V
d) 4.8V

Refer to Figure 6-1.
a) 6 mA

b) 6.67 mA

c) 8 mA

d) 10 mA

Refer to Figure 6-1.
a) increase

b) decrease

c) remain the same
d) be undetermined

Refer to Figure 6-1.
would be:

a) 0v

b) 20 V

c) 16.67 V

d) 3.33V

Refer to Figure 6-1.
the collector would:
a) increase

b) decrease

c) remain the same
d) be undetermined

Refer to Figure 6-1.
a) Rg is open
b) Rc is open
c) Ry is open
d) Ry is open

Refer to Figure 6-1.
value of
a) 50

b) 175 Q
c) 378 Q
d) 500 Q

Rin would be:

If R, opened, Vcg would be:

If R, opened, the value of Ic would be:

If Rc opened, Vg would:

If the emitter collector shorted, the voltage Vc

If the collector opened internally, the voltage on

If Vg = 0, the trouble might be that:

If an emitter-bypass capacitor was installed, the
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Refer to Figure 6-1. If an emitter-bypass capacitor was installed, the
new Ay would be:

a) 4.96
b) 125
c) 398
d) 600
Sy
< Rl < R3 < R5 < R7
233kQ $33kQ 233k Q $33kQ
Cy —i S "—l&cs“’ Vout
AVin o—l|FH.._@>Qll uF _@) leraF
g <R 2Ry L <2 < Re < Ry __C4
382k 1kQ "1‘“; F82kQ¥F k0 "'TluF
L 1 T g=guc=175

Figure 6-2

Refer to Figure 6-2. If Ay; = 75 and Ay, = 95, Ayt would be:
a) 75

b) 95

c) 1275

d) 7125

Refer to Figure 6-2. When checking this amplifier, V,,; was below
normal. The trouble might be:

a) an open C3

b) an open C4

c) C4 is shorted

d) C; is open

Refer to Figure 6-2. If Vg, was higher than normal. The problem, if
any, could be:

a) C3 is shorted

b) R3 is open

c) BE; is open

d) C, is open

Refer to Figure 6-2. In servicing this amplifier V,,; was found less
than normal. The problem could be caused by:

a) an open C3

b) an open C,

c) an open base-emitter of Q

d) a shorted C,

Refer to Figure 6-2. The output signal from the first stage of this
amplifier is O V. The trouble could be caused by:

a) an open C4

b) an open C,

c) an open base-emitter of Qp

d) a shorted C4
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22.

23.

24.

25.

26.

27.

28.

29.

The best selection for a high input impedance amplifier is a:
a) low gain common-emitter

b) common-base

¢) common-collector

d) high gain common-emitter

The characteristic that is not of a common-base amplifier is:
a) high input impedance

b) current gain of 1

c) medium voltage gain

d) high output impedance

The characteristic that is not of an emitter-follower is:
a) voltage gain of 1

b) low input impedance

c) low output impedance

d) medium current gain

The best choice for a very high power amplifier is a(n):
a) common-collector

b) common-base

c) common-emitter

d) emitter-follower

For transistors:

a) the dc and ac current gains are the same

b) the dc current gain is zero

c) the dc and ac current gains are usually different
d) amplification of signal voltage is not possible

The ac resistance of the emitter diode r¢ equals:

a) 25 mV
Ig
b) 25 mV x I
c) 25 mV
Ig
d) 25 mV

Ic

In general, coupling capacitors can be considered:
a) open for signal voltage and a short for dc

b) short for signal voltage and an open for dc

c) lossy

d) short for signal voltage and a short for dc

The primary reason an ac load line differs from a dc load line is:

a) the effective ac collector resistance is greater than the dc
collector resistance

b) the effective ac collector resistance is less than the dc collector
resistance

c) changes in current are non-linear for small-signal amplifier
operation

d) the ac load line is not as steep as the dc load line
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31.

32.

33.

34.

35.

36.
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The h-parameter, hs., is the same as of the transistor.
a) dc Beta

b) ac Beta

¢) maximum collector current

d) minimum hold current

The capacitor that produces an ac ground is called a(n):
a) bypass capacitor

b) coupling capacitor

c) dc open

d) ac open

Reducing all dc sources to zero is one of the steps in getting the:
a) dc equivalent circuit

b) ac equivalent circuit

c) complete amplifier circuit

d) voltage-divider biased circuit

The input resistance, Rln(base)’ of a common-emitter amplifier,
consists of

a) ry, || Bre

b) BacBre

) re || Brg

d) Rg || rc [l Bre

The three factors that must be taken into account when determining the
actual signal voltage at the base of a small signal bipolar amplifier
are:

a) source resistance, emitter resistance, and input resistance

b) source resistance, bias resistance, and input resistance

c) source resistance, collector resistance, internal resistance

d) source resistance, bias resistance, and load resistance

The value of output resistance in a common-emitter amplifier, Ry,
consists of':

a) Re

b) R + Re
C)BIIRC
d) Ry || Re

The voltage gain of an amplifier is defined as:

a) the ac input voltage divided by the ac output voltage

b) the ac collector current divided by the ac base current

c) the ac output collector voltage divided by the ac input base voltage
d) the ac collector current divided by the ac emitter current
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37.

38.

39.

40.

41.

42.

43.

Removing a bypass capacitor from a fully bypassed, common-emitter
amplifier circuit will voltage gain and input
resistance.

a) increase, decrease

b) decrease, increase

c¢) decrease, decrease

d) increase, increase

The voltage gain of a common-emitter amplifier, Ay, is defined as:

a V

) Ay = ii?

b)AV=ICxRC

©) s = LeRe
v Iere

d

)sz%

For a bypass capacitor to work properly, the:

a) Xc should be ten times smaller than Rg at the minimum operating
frequency

b) X¢ should equal Rg

c) Xc should be ten times greater than Rg at the minimum operating
frequency

d) Xc should be twice the value of the Rg

A bypass capacitor is placed across the emitter resistor in a
voltage-divider biased common-emitter amplifier circuit. This will:
a) place the emitter at ac ground

b) shift the Q point on the dc load line

c) reduce the emitter's dc voltage to zero

d) all of the above

Removing the emitter bypass capacitor from a common-emitter amplifier:
a) increases R;, and decreases Ay, voltage gain

b) decreases R;, and increases Ay, voltage gain

c) does not affect Rj,

d) increases the distortion

Increasing the resistance of the load resistor Ry, in an RC coupled
common-emitter amplifier will have what effect on voltage gain?

a) does not affect the voltage gain

b) decreases the voltage gain

c) increases the voltage gain

d) none of the above

Leaving some of the emitter resistance unbypassed in a common-emitter
amplifier will:

a) reduce distortion

b) stabilize the voltage gain

c) increase the input impedance

d) all of the above
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44.

45.

46.

47.

48.

49.

50.
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In a swamped amplifier, the effects of the emitter diode (r¢) become:

a) important to voltage gain
b) critical to input impedance
c) significant to the analysis
d) unimportant

To reduce the distortion of an amplified signal, you can increase the:
a) collector resistance

b) emitter feedback resistance

c) generator resistance

d) load resistance

An emitter follower has a voltage gain that is:
a) much less than one

b) approximately equal to one

c) greater than one

d) zero

The total ac emitter resistance of an emitter follower equals:
a) r{

b) r,
c) Rg + r¢

d) Rg

The input resistance of the base of an emitter follower is usually:
a) low

b) high

c) shorted to ground

d) open

Of ten a common-collector will be the last stage before the load; the

main function(s) of this stage is to:

a) provide voltage gain

b) buffer the voltage amplifiers from the low resistance load and
provide impedance matching for maximum power transfer

c) provide phase inversion

d) provide a high frequency path to improve the frequency response

Output resistance in a common-collector amplifier circuit is stepped
down by a factor of:
a) alpha «
b) Beta
¢) Rg [| Ry
d) r* + r,
€
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51.

52.

53.

54.

55.

If two transistors are connected as a Darlington pair and each
transistor has a Beta of 175, what would the overall current gain of the
pair equal:

a) 30,625

b) 3,625

c) 10,000

d) 5,000

The characteristic of a common-base amplifier that is most useful is:
a) power amplification

b) voltage amplification

c) low output resistance

d) phase inversion

In a two-stage amplifier, the input resistance of the second stage:
a) does not affect the voltage gain of the first stage

b) affects the voltage gain of the first stage

c) is in parallel with the collector resistor, RC, of the first stage
d) both b and ¢ above

In a two-stage amplifier, the voltage gain of the first stage is 80 and
the voltage gain of the second stage is 50. How much is the overall
voltage gain?

a) 72

b) 130

c) 4,000

d) 400

If a CE stage is direct coupled to an emitter-follower, how many
coupling capacitors are there between the two stages?

a) 0

b) 1

c) 2

d) 3
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Chapter 7: Field-Effect Transistors (FETSs)

MULTIPLE CHOICE

1. An FET has three terminals, source, drain, and gate.

a) true
b) false

2. The JFET operates with a forward-biased gate-source PN junction.

a) true
b) false

3. An E-MOSFET can be used as a switch.
a) true
b) false

4. A D-MOFSET can operate with both positive and negative values of Vgg.

a) true
b) false

5. Special care is required in handling a MOSFET.
a) true
b) false

6. An N-channel JFET has a Vj = 8 V, Vgg = -5 V. The value of Vpg is:
a) 3V
b) 8V
c) -5V
d) -3V

7. Field effect transistors are also known as:
a) one-charge carrier
b) two-charge carrier
c) three-charge carrier
d) none of the above

8. The FET that has no physical channel is the:
a) D MOSFET
b) E MOSFET
c) JFET
d) none of the above

9. An FET that has no Ipgg parameter is the:
a) JFET
b) DE MOSFET
c) V MOSFET
d) E MOSFET
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10.

11.

12.

13.

14.

(@

©
Refer to Figure 7-1 (a).
a) a P-channel E MOSFET
b) an N-channel D MOSFET

¢) a P-channel D MOSFET
d) an N-channel E MOSFET

Figure 7-1

Refer to Figure 7-1 (b).
a) a P-channel E MOSFET
b) an N-channel D MOSFET
¢) a P-channel D MOSFET
d) an N-channel E MOSFET

Refer to Figure 7-1 (c).
a) a P-channel E MOSFET
b) an N-channel D MOSFET
c¢) a P-channel D MOSFET
d) an N-channel E MOSFET

Refer to Figure 7-1 (d).
a) a P-channel E MOSFET
b) an N-channel D MOSFET
c¢) a P-channel D MOSFET
d) an N-channel E MOSFET

+12V

1kQ

%
i

This

This

This

This

+20V

symbol

symbol

symbol

symbol

22kQ

10MQ SMQ

@

Figure 7-2

Refer to Figure 7-2 (a).
a) 12V

b) 8V

c) 4V

d)yov

If Ip = 4 mA,
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identifies:

-15V

100 M
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the value of Vpg is:
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Chapter 7: Field-Effect Transistors (FETs)

15. Refer to Figure 7-2 (b). If Ip =4 mA, the value of Vgg is:
a) 20V
b) 11.2°V
c) 8.8V
doyv

16. Refer to Figure 7-2 (c). If Ip =4 mA, the value of Vpg is:
a) -11V
b) -14 V
c) -15V
d)ov

17. A JFET manufacturers data sheet specifies Vgg(orr)y = -8 V and Ipgg = 6
mA. The value of Ip when Vgg = -4 V would be:
a) 6 ma
b) 1.25 mA
c) 1.5 mA
d) 4 mA

+20V

Rp=2kQ

Ip=6mA

Rg

100 Mo = ks = 1K€

Figure 7-3

18. Refer to Figure 7-3. The value of the voltage drop across Rp is:
a) 20V
b) 12V
c) 6V
d) 3V

19. Refer to Figure 7-3. This amplifier is biased for:
a) linear operation
b) pinch-off operation
c) saturation
d) operation as a switch

20. Refer to Figure 7-3. In this circuit, Vgg is biased correctly for
proper operation. This means that Vgg is:
a) positive
b) negative
c) either negative or positive
d)oyVv

21. Refer to Figure 7-3. Calculate the value of Vp.
a) 20V
b) 8V
c) 6V
d)y 2V
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22.

23.

24.

25.

26.

27.

28.

29.

30.

Testbank

Refer to Figure 7-3. Calculate the value of Vpg.
a) 0v
b) 2V
c) 4V
d) -2V

For proper operation, an N-channel E-MOSFET should be biased so that Vgg
is:

a) either positive or negative

b) negative

c) positive

d) -4V

A good application for a V-MOSFET would be:
a) as a power amplifier

b) as a low power amplifier

c) as a low input impedance device

d) as a substitute for a diode

A V MOSFET device operates in:

a) the depletion mode

b) the enhancement mode

c¢) a JFET mode

d) in either enhancement or depletion mode

The gate-source junction of a JFET is:

a) normally not biased

b) normally forward biased

c) normally reverse biased

d) a low resistance path for dc current when reverse biased

The channel width in a JFET is controlled by:

a) varying gate voltage

b) varying drain voltage

¢) increasing forward bias on the gate-source junction
d) increasing reverse bias on the drain-source junction

When operated in the ohmic area, a JFET acts like a(n):
a) small resistor

b) voltage source

c) current source

d) insulator

Vps equals pinchoff voltage divided by the:
a) rain current

b) gate current

c¢) i1deal drain current

d) drain current for zero gate voltage

Incss) can be defined as:

a) the minimum possible drain current

b) the maximum possible current with the drain shorted to the source
c) the maximum current drain-to-source with a shorted gate

d) the maximum drain current with the source shorted
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31. The pinchoff voltage has the same magnitude as the:
a) gate voltage
b) drain-source voltage
c) gate-source voltage
d) gate-source cutoff voltage

32. JFETs are often called:
a) one-way switches
b) two-way switches
c) bipolar devices
d) square-law devices

33. The transconductance curve of a JFET is a graph of:
a) Ig versus Vpg
b) Ic versus Vog
c) Ip versus Vgg
d) ID X RDS

34. For a JFET, maximum drain current flows when:
a) Vgs equals Vgg(off)
b) Vps is zero
¢) the drain and source are interchanged
d) Vgs is zero

35. The transconductance curve of a JFET is:
a) hyperbolic
b) linear
¢) nonlinear
d) symmetrical

36. JFET data sheets specify input resistance by giving the values for Vgg
and IDSS'
a) true
b) false

37. A in Vpg will produce a change in Ip.
a) small, large
b) large, small
c) large, small
d) small, small

38. To get a negative gate-source voltage in a self-biased JFET circuit, you
must use a:
a) voltage divider
b) source resistor
c) ground
d) negative gate supply voltage

39. Under no signal conditions midpoint bias allows the maximum amount of
drain current swing between Ipgg and zero.
a) true
b) false
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The easiest way to bias a JFET in the ohmic region is with:
a) voltage-divider bias

b) self-bias

c) gate bias

d) source bias

One advantage of voltage-divider bias is that the dependency of drain
current Ip, on the range of Q-Points is:

a) increased

b) reduced

¢) not affected

d) none of the above

The depletion-mode MOSFET can:

a) operate with only positive gate voltages

b) operate with only negative gate voltages

c) not operate in the ohmic region

d) operate with positive as well as negative gate voltages

An N-channel E-MOSFET conducts when it has:

a) VGS > VP

b) a thin layer of positive charges in the substrate region near the
Si0, layer

c) VDS >0

d) a thin layer of negative charges in the substrate region near the
S10, layer

Power FET's, devices that utilize a vertical internal
construction, permit a wider channel and greater current capability.
a) switching JFET

b) enhancement MOSFET

c) depletion MOSFET

d) linear FET

For an enhancement-mode MOSFET, the minimum Vg required to produce
drain current is called the:

a) threshold voltage, designated Vgg((h)

b) blocking voltage, designated Vg

c) breakover voltage

d) IDss

Special handling precautions should be taken when working with MOSFETs.

Which of the following is not one of these precautions?

a) All test equipment should be grounded.

b) MOSFET devices should have their leads shorted together for shipment
and storage.

c) Never remove or insert MOSFET devices with the power on.

d) Workers handling MOSFET devices should not have grounding straps
attached to their wrists.
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47. The simplest method to bias a D-MOSFET is to:
a) set Vgg = +4
b) set Vgg = -
c) set Vgg =0
d) select the correct value Ry

48. The type of bias most often used with E-MOSFET circuits is:
a) drain-feedback
b) constant current
c) voltage-divider
d) both a & ¢
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26. Answer: ¢ Difficulty: 2 Section: 1
27. Answer: a Difficulty: 2 Section: 1
28. Answer: a Difficulty: 2 Section: 2
29. Answer: d Difficulty: 3 Section: 2
30. Answer: c Difficulty: 2 Section: 2
31. Answer: d Difficulty: 3 Section: 2
32. Answer: d Difficulty: 2 Section: 2
33. Answer: ¢ Difficulty: 2 Section: 2
34. Answer: d Difficulty: 2 Section: 2
35. Answer: c¢ Difficulty: 2 Section: 2
36. Answer: b Difficulty: 2 Section: 2
37. Answer: b Difficulty: 3 Section: 2
38. Answer: b Difficulty: 3 Section: 3
39. Answer: b Difficulty: 2 Section: 3
40. Answer: a Difficulty: 3 Section: 3
41. Answer: b Difficulty: 2 Section: 3
42. Answer: d Difficulty: 2 Section: 4
43. Answer: d Difficulty: 3 Section: 4
44. Answer: b Difficulty: 2 Section: 4
45. Answer: a Difficulty: 2 Section: 5
46. Answer: ¢ Difficulty: 2 Section: 5
47. Answer: ¢ Difficulty: 3 Section: 6

48. Answer: d Difficulty: 2 Section: 6
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Chapter 8: FET Amplifiers

MULTIPLE CHOICE

1. The formula for the voltage gain of a common-source amplifier is Rp/g;.

a) true
b) false

2. Load resistance added to the output of an amplifier increases the
voltage gain.
a) true
b) false

3. The addition of a source bypass capacitor will increase the voltage
gain.

a) true
b) false
4. In an amplifier using a JFET, the gate current is 0.
a) true
b) false
5. A common-source amplifier has a phase shift between the input and
the output.
a) 45°
b) 90°
c) 180°
d) 360°
+20V
RD
22kQ
° Vout
“ 4.0mS
- gm =4.0m
M Vin 0_1|$ Ipss = 10mA
Rg Rg ]_Cz
100 MQ 0.1 uF
Figure 8-1

6. Refer to Figure 8-1. Assuming midpoint biasing, if Vg = -4 V, the
value of Rg that will provide this value is:
a) 600 Q
b) 1.2 kQ
c) 80 Q
d) 800 Q

7. Refer to Figure 8-1. If V,, = 50 mV p-p, the output voltage is:
a) 50 mV p-p
b) 4.4 V p-p
c) 0.044 V p-p
d) 440 mV p-p
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10.

11.

12.

13.

. Refer to Figure 8-1. If the measured value of V,,; was below normal,

the problem might be one of the following:
a) Ry is open

b) C, is shorted

c) C; is open

d) V;, has increased

Refer to Figure 8-1. If V,, =1V p-p, the output voltage V,,; would
be:

a) undistorted

b) clipped on the negative peaks

c) clipped on the positive peaks

dyoyv
+30V
33KQ ¢,
) —¢—= Vout
A Vino—je— 1F
1uF
C2
15kQ
100 MQ Il uE
Figure 8-2

Refer to Figure 8-2. If Ip = 6 mA, the value of Vgg is:
a) 9 Vv

b) -9V
c) -19.8V
d) -10.2V

Refer to Figure 8-2. If g, = 6500 uS and an input signal of 125 mV p-p
is applied to the gate, the output voltage Vg, is:

a) 2.68 V p-p

b) 0.8125 V p-p

c) 1.625 V p-p

d) 6.25 V p-p

Refer to Figure 8-2. If C, opened, the output signal would:
a) increase in value

b) decrease in value

c) not change

d) decrease and then increase

Refer to Figure 8-2. If Ip =4 mA, Ipgg = 16 mA, and Vgg(off) = -8 V,
Vps would be:

a) 19.2°V

b) -6 V

c) 10.8V

d) 30V
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15.

16.

17.

18.

19.

20.

Refer to Figure 8-2.

a) 990 mV

b) 1.13 V p-p
c) 2.8 Vp-p
d) 990 V p-p

If g, = 4000 puS and a signal of 75 mV rms
applied to the gate, the p-p output voltage is:

R4 Ry 7= Co

R3
C3
Cq ——46——1
N%Vm&~46—; Q1

A

* e +VDD
R¢

Cs
—i&— —o Vout
Q2 % R7

R5 ::(34

Figure 8-3

Refer to Figure 8-3.
Qp would:

a) increase

b) decrease

c) remain the same
d) distort

Refer to Figure 8-3.
a) increase

b) decrease

c¢) remain the same
d) distort

Refer to Figure 8-3.
a) increase

b) decrease

c) remain the same
d) distort

Refer to Figure 8-3.
a) increase

b) decrease

c) remain the same
d) distort

Refer to Figure 8-3.
a) increase

b) decrease

c) remain the same
d) distort

Refer to Figure 8-3.
a) increase

b) decrease

c) remain the same
d) distort

If C4

If Ry

If C,

If Ry

If Cy

If Ry

Testbank

is

opened, the signal voltage at the drain of

were to increase in value, V,,; would:

opened, Vyyu¢

opened, Vyyu¢

opened, Vyu¢

opened, V,u¢
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21. Refer to Figure 8-3. If Rs opened, V,,; would:
a) increase
b) decrease
c) remain the same
d) distort

22. Refer to Figure 8-3. If the source-drain of Q, shorted, the output
signal from Q; would:
a) increase
b) decrease
c) remain the same
d) distort

23. Refer to Figure 8-3. If Ay; = 18 and Ay, = 288, the value of Ay, would
be:
a) 5184
b) 18
c) 49.18
d) 16

24. Refer to Figure 8-3. If C4 opened, the signal voltage at the drain of
Q; would:
a) increase
b) decrease
c) remain the same
d) distort

25. Refer to Figure 8-3. If V;, was increased in amplitude a little, the
signal voltage at the source of Q, would:
a) increase
b) decrease
c) remain the same
d) distort

26. What component of an FET operation needs to be at least ten times
greater than Ry to ensure maximum voltage gain?
a) r'
ds
b) Rg
c) R
d) gn

27. In a self-biased common-source amplifier (Textbook Fig 8-5), what
purpose does resistor R; serve?
a) Keeps the gate at approximately zero volts
b) Develops the gate-source bias current
c) Prevents loading of the ac signal source
d) Both a & ¢
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32.
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34.
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A CS amplifier has a voltage gain of:

(1 + guRe)

The common-source JFET amplifier has:

a) a high input impedance and a relatively low voltage gain
b) a high input impedance and a very high voltage gain

¢) a high input impedance and a voltage gain less than 1

d) no voltage gain

Compared to a common-emitter amplifier, the voltage gain of a
common-source amplifier is:

a) about the same
b) much higher

¢) much lower
d) about 1

When used

as an amplifier, the JFET should operate:

in the ohmic region

in the current-source region
in the saturation region

in the cut off region

A source follower has a voltage gain of:

a)
b)

c) guR¢
(1 + gpRy)
_ gRg

d)

gaRq
gnRs

(1 + gpRy)

When the input signal is large, a source follower has:
a) a voltage gain of less than one

b) a small distortion

c) a high input resistance

d) all of these

Changing
amplifier.
a) the input voltage
b) gn
¢) Vpp

Rg

can control the voltage gain of a common-source

Enhancement-mode MOSFETS function as active loads when:
the gate is shorted to the source

the source is shorted to the drain

the gate is connected to the drain

the source is left disconnected

a)
b)
c)
d)
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Chapter 8: FET Amplifiers

36. In IC's, the enhancement MOSFET is used mainly for:
a) analog switching
b) digital switching
c) small signal amplification
d) dc amplification

37. The power gain of a common-gate amplifier is:

38. Most small-signal E-MOSFETs are found in:
a) heavy-current applications
b) discrete circuits
c) disk drives
d) integrated circuits

39. An E-MOSFET that operates at cutoff or in the ohmic region is an example
of :
a) a current source
b) an active load
c) a passive load
d) a switching device
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Chapter 9: Power Amplifiers

MULTIPLE CHOICE

1.

. A class B amplifier conducts

The class A amplifier is usually biased below cutoff.
a) true
b) false

Darlington pair transistors are often used in power amplifiers because
the input impedance is very low.

a) true

b) false

__ of the cycle.
a) 45°
b) 90°
c) 180°
d) 360°

The class of amplifiers that is the most efficient and has the most
distortion is class amplifiers.

a) A

b) B

c) C

d) AB

. Push-pull amplifiers often use class amplifiers.

a) A
b) B
c) C
d) AB

If a class A amplifier has a voltage gain of 50 and a current gain of
75. The power gain would be:

a) 50

b) 75

c) 1500

d) 3750

If a class A amplifier has R = 4.7 kQ and Rg = 1.5 kQ and Voc =24 V,
IC(sat) would be:
a) 5.1 mA

b) 16 mA

c) 3.87 mA

d) 0 mA

. An application for an amplifier to operate in a linear mode is needed,

the most likely choice would be a:
a) class A
b) class B
c) class C
d) class AB
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10.

11.

12.

13.

Vee
o+2VV
< R1 < RC
T 47k T 47k
v 8| o
M Vin e —f—¢ B4c=100
: & R 1G
710k $1kQ 'I'
Figure 9-1

at the collector would:
a) increase

b) decrease

c) remain the same

d) distort
Vee
+15V

L R1 RC

4

Figure 9-2

. Refer to Figure 9-1. If Ry opened, and V;, at the base was large, V,

Refer to Figure 9-2. If the diode opened, this amplifier would be

operating as class:
a) A

b) B

c) C

d) AB

Refer to Figure 9-2. The purpose of the diode is:
a) to bias the amplifier as class A

b) to bias the amplifier as class B

c) to bias the amplifier as class C

d) to bias the amplifier as class AB

A typical efficiency for a class A amplifier is about:

a) 25%
b) 50%
c) 75%
d) 100%

The amplifier with the most distortion would be a
a) class A

b) class B

c) class C

d) class AB
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14.

15.

16.

17.

18.

19.

Testbank

Vee
+20V
< Rl
C; %1.2kQ
[Fd
1€ Q
¥ D —1| C3
C = Dy % Ry
- J¢ 1 s Q 1 50Q
Vin $1.2kQ
Figure 9-3

Refer to Figure
a) 10.7V

b) 9.3V

c) 0OV

d) 10V

Refer to Figure
at the output.
a) C3 is shorted
b) BE; is open
c) BE, is open
d) R; is open

Refer to Figure

9-3. The emitter voltage with respect to ground is:

9-3. This amplifier only shows a positive alternation
The possible trouble might be that:

9-3. The dc voltage across Ry was measured at 10 V. A

possible problem, if any, might be:

a) C; is open
b) C3 is shorted
c) Ry is open
d) C3 is open

Refer to Figure
and Qy 1

a) on, on

b) on, off

c) off, off

d) off, on

Refer to Figure
a) to apply equa
b) to allow the
c) to maintain ¢
d) all of the ab

Refer to Figure
a) same

b) complementary
c) NPN

d) PNP

9-3. During the positive input alternation, Q; 1is
s .

9-3. The purpose for the diodes D; and D, is:
1 signals to each transistor

correct bias voltages on the two bases

onstant bias with temperature changes

ove

9-3. The two transistors are called type.

261



Chapter 9:

20.

21.

22.

23.

Power Amplifiers

Refer to Figure 9-3. This circuit is operating as a:
a) class A push-pull
b) class B push-pull
c) class C push-pull

d) class B

An application for a power amplifier to operate at radio frequencies is
needed. The most likely choice would be a amplifier.

a) class A

b) class B

c) class C

d) class AB

Vee
+15V

Re
22k Q

< Ry
F50k R

I

Figure 9-2

Refer to Figure 9-2. The approximate voltages on the base, collector,
and emitter, respectively, are:

a) 0.7V, 6.8V,0V

b) OV, 0V, 0V

c) 0.7V, 15V, 0V
d)0.7vV,0V, 15V
Vee
+20V
Ry
C; 312kQ
i€ Q ¢
D 3
C, IDZ H? Rp
| 1 Q I%9
Vin ¥12kQ
Figure 9-3

Refer to Figure 9-3. If Ry shows a zero signal voltage on an
oscilloscope, the problem might be that:

a) C3 is open

b) BE; is open

c) BE, is open

d) R; is open
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24.

25.

26.

27.

28.

29.

30.

31.

Refer

voltage of Q; emitter was O V, the trouble might be:

a) Dl
b) D,
C) Rl
d) no

Refer
a) at

Testbank

to Figure 9-3. If there was no output signal, and the measured dc

is shorted

is shorted

1s open

trouble, everything is normal

to Figure 9-3. Class AB amplifier is biased:
cutoff

b) slightly above the center of the load line
c) slightly above cutoff

d) at

the center of the load line

In general, an amplifier may be considered to be a power amplifier if
the amplifier has to dissipate:
a) >/, W

b) >2 W

c)>1W

d)>5W

Heat sinks reduce the:

a) transistor power

b) ambient temperature

c) junction temperature
d) collector current

An amplifier has two load lines because:
a) it has ac and dc collector resistances
b) it has two equivalent circuits

¢) dc acts one way and ac acts another

d) all of the above

When the Q point is at the center of the dc load line, a maximum

signal can be obtained.
a) class A

b) class B

c) class C

d) none of the above

For maximum peak-to-peak output voltage, the Q point should be:

a) near saturation
b) near cutoff

c) at
d) at

the center of the dc load line
the center of the ac load line

The ac load line is the same as the dc load line when the ac collector
resistance equals the:

a) dc emitter resistance

b) ac emitter resistance

¢) dc collector resistance

d) supply voltage divided by collector current
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32. For a Q point near the center of the dc load line, clipping is more
likely to occur on the:
a) positive peak of input voltage
b) negative peak of output voltage
c) positive peak of output voltage
d) negative peak of emitter voltage

33. The ac load line usually:
a) equals the dc load line
b) has less slope than the dc load line
c) is steeper than the dc load line
d) is horizontal

34. For a class "A" CE amplifier, the power dissipation, Ppgy:
a) is maximum when there is no input signal
b) increases when the peak-to-peak load voltage increases
c) is zero with no input signal
d) is maximum when the transistor is driven to cutoff

35. A CE amplifier has a load power of 10 mW and the dc power is 215 mW.
The efficiency is:
a) 46.5%
b) 4.65%
c) 25%
d) 0%

36. To improve the efficiency of an amplifier, you have to:
a) reduce load power
b) decrease unwanted power losses
c) reduce the supply voltage
d) increase the dc current

37. The quiescent collector current is the same as:
a) ac collector current
b) ac load resistor current
¢) dc collector current
d) none of the above

38. For a class B amplifier, collector current flows for:
a) 270° of the input cycle
b) 180° of the input cycle
c) 360° of the input cycle
d) 90° of the input cycle

39. In a class B push-pull amplifier, the transistors are biased slightly
above cutoff to avoid:
a) unusually high efficiency
b) negative feedback
c) crossover distortion
d) a low input impedance
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41.

42.

43.

44

45.

46.

47.

Testbank

For a class B push-pull amplifier to work properly, the emitter diodes
must:

a) match the compensating diodes

b) be germanium and the compensating diodes must be silicon

c) be silicon and the compensating diodes must be germanium

d) not match the compensating diodes

For a class B push-pull amplifier, diode bias is used to:
a) allow the transistors to conduct for 360°

b) ensure thermal runaway

c) avoid thermal runaway

d) saturate the output transistors

The maximum efficiency of a class B push-pull amplifier is:
a) 25 percent
b) 50 percent
c) 79 percent
d) 100 percent

Under no-signal or quiescent conditions, the transistors of a class B
push-pull amplifier:

a) have excessively high power dissipation

b) get quite hot

c) are in saturation

d) dissipate very little power

For certain applications with low-resistance loads, a push-pull
amplifier using darlington transistors can be used to decrease the input
resistance presented to the driving amplifier and avoid greatly reducing
voltage gain.

a) true

b) false

Power MOSFETs have several advantages over bipolar power transistors.

Which of the following statements is not correct?

a) Less signal power from the driver stage

b) Can switch on/off faster than bipolar power transistors

c) Can be easily connected in parallel to increase current capacity

d) Has a low voltage drop across the device under high voltage and
current conditions

For a class C amplifier, collector current flows for:
a) 0° of the input cycle

b) less than 180° of the input cycle

c) 210° of the input cycle

d) 360° of the input cycle

Class C amplifiers are almost always:
a) transformer-coupled between stages
b) operated at audio frequencies

c) tuned RF amplifiers

d) wideband
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48.

49.

The input signal of a class C amplifier:

a) is negatively clamped at the base

b) is amplified and inverted

c) produces brief pulses of collector current
d) all of the above

The collector current of a class C amplifier:
a) is an amplified version of the input voltage
b) has harmonics

c) is negatively clamped

d) flows for half a cycle
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Chapter 10: Amplifier Frequency Response

MULTIPLE CHOICE

1.

Coupling and bypass capacitors limit the low-frequency response of an
amplifier.

a) true

b) false

. High-frequency response is limited by the internal capacitances of a

transistor.
a) true
b) false

. At the cutoff frequency, the output is down by 3 dB.

a) true
b) false

. An octave of frequency change is a ten-times change.

a) true
b) false

. The bandwidth is the sum of the two cutoff frequencies.

a) true
b) false

. If an amplifier has an output voltage of 12.7 V p-p at the midpoint of

the frequency range, the output voltage at the cutoff frequency would
be:

a) 12.7 V p- p

b) 4.

. If an amplifier has an input signal voltage of 0.37 mV and an output

voltage of 16.8 V, the voltage gain in dB would be:
a) 45.4 dB
b) 33.1 dB
c) 93.1 dB
d) 46.6 dB

If an amplifier has a voltage gain of 54 dB, and an input signal of 22
mV, the output signal voltage would be:

a) 11V

b) 55.3V

c) 2.45V

d) 245V

If an amplifier has a bandwidth of 47 kHz and a higher cutoff frequency
of 104 kHz, the lower cutoff frequency would be:

a) 151 kHz

b) 57 kHz

c) 47 kHz

d) 104 kHz
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10.

11.

12.

13.

14.

15.

If an amplifier has an R;, = 950 Q, and a coupling capacitor of value
3.3 uF, the approximate cutoff frequency would be:

a) 508 Hz

b) 50.8 kHz

c) 50.8 Hz

d) 5.08 Hz

The f. of a certain RC network that has values of R = 470 Q and C =
0.005 pF is:

a) 67.8 kHz
b) 425 kHz
c) 213 kHz
d) 12 kHz
Byo=8 =125 Vee
Cpe = 40pF "+§2V
Cpe =12pF 1 Rl 321_2% .-
N St ) S
C2 Ry
ST 600Q
R5 1 =
50Q R — ]_
g2 Rg C3
‘ T5kQ 5009 IIOuF
Vin

Figure 10-1

Refer to Figure 10-1. Low frequency response is affected by:
a) Re

b) Cgg

C) C3

d) all of these

Refer to Figure 10-1. High frequency response is affected by:
a) Re.

b) Cag-

C) C3.

d) all of these.

Refer to Figure 10-1. If the output voltage at the upper cutoff
frequency was 7.19 V p-p, the output voltage that would be expected at
the lower cutoff frequency is:

a) 5.08 V p-p

b) 7.19 V p-p

c) 10.17 V p-p

d) 2.11 V p-p

Refer to Figure 10-1. The output voltage at f.; =22 mV. Vg, at the
midpoint frequency would be:

a) 22 mV

b) 17 mV

c) 31.1 mV

d) not enough data
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19.

20.

21.

22.

23.

Testbank

Refer to Figure 10-1. The bandwidth of this amplifier is:
a) the sum of the upper and lower frequencies

b) the upper frequency divided by 0.707

c) the difference between the upper and lower frequencies
d) the lower frequency times 0.707

Refer to Figure 10-1. The capacitance G, affects:
a) high-frequency response

b) low-frequency response

c) mid-range response

d) nothing

Refer to Figure 10-1. A definite reduction in the output voltage is
noticed. The trouble is:

a) C3 has shorted

b) C; has opened

c¢) C, has opened

d) C; has opened

Refer to Figure 10-1. The reduction in the output at very high
frequencies is due to:

a) the negative feedback effect of Rg

b) the negative feedback effect of G,

c) the positive feedback effect of Vpg

d) Ry decreasing in value

Refer to Figure 10-1. If the output voltage at f.; = 12 mV, the output
voltage at the midpoint frequency would be:

a) 12 mV

b) 12 mV p-p

c) 16.97 mV

d) 8.48 mV

Refer to Figure 10-1. If Ry increases in value, the output voltage
would:

a) increase

b) decrease

c) remain the same

d) cannot be determined

If an RC network has a roll-off of 40 dB per decade, the total
attenuation between the output voltage in the mid-range of the pass-band
compared to a frequency of 10f would be:

a) -3 dB

b) -20 dB

c) -23 dB

d) -43 dB

The cutoff frequency of a low pass filter occurs at:
a) -5 dB

b) -3 dB

c) +3 dB

d) -20 dB
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24.

25.

26.

27.

28.

29.

30.

31.

A high pass filter may be used to:

a) pass low frequencies

b) pass high frequencies

c) pass frequencies between low and high
d)aorb

A roll-off of 20 dB per decade is equivalent to a roll-off of
octave.

a) 3 dB

b) 13 dB

c) 12 dB

d) 6 dB

per

Which of the following capacitances affects the high frequency response
of an amplifier?

a) Stray wiring capacitance

b) Internal PN junction capacitance

¢) Coupling and bypass capacitors

d) Both a and b above

At low frequencies, the coupling capacitors produce a decrease in:
a) input resistance

b) voltage gain

c) generator resistance

d) generator voltage

If the value of a feedback capacitor is 50 pF, what is the Miller
capacitance when Ay = 200 K?

a) 1 uF

b) 10 uF

c) 100 pF

d) 10 pF

The critical frequencies of an amplifier are the frequencies where the
output voltage is:

a) half of VOUT

b) 0.707 of VOUT

c) zero

d) 0.25 of VOUT

The voltage gain of an amplifier is 200. The decibel voltage gain is:
a) 23 db

b) 46 db

c) 200

d) 106

If the voltage gain doubles, the decibel voltage gain increases by:
a) A factor of 2

b) 3 dB

c) 6 dB

d) 10 dB
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32.

33.

34.

35.

36.

37.

38.

39.

In the
a) the
b) the
c) the
d) the

Testbank

midband of a CE amplifier:

emitter is not at ac ground

Miller effect kicks in

voltage gain is maximum

coupling and bypass capacitors appear open

If the power gain doubles, the decibel power gain increases by:
a) a factor of 2

b) 3 dB

c) 6 dB

d) 10 dB

At low frequencies, the emitter-bypass capacitor:

a) is no longer an ac short

b) reduces the input voltage

c) increases the output voltage
d) increases the voltage gain

Raising the frequency of 1 kHz by 2 octaves corresponds to a frequency

of :

a) 2 kHz

b) 500
c) 250

Hz
Hz

d) 2 MHz

The frequency response of an amplifier is a graph of:
a) voltage versus current

b) voltage versus time

c) output voltage versus frequency

d) input voltage versus frequency

The voltage gain of an amplifier is 150. If the output voltage doubles
(for the same amount of input voltage), the voltage gain equals:

a) 21.7 db

b) 43.5 db

c) 49.5 db

d) 114

At the

db

lower or upper cutoff frequency, the voltage gain is:

a) 0.35A,;4
b) 0.5A,;4

C) O'7O7mid
d) 0.995,;4

Phase shift in the input of an RC circuit will approach 90° when:
a) frequency approaches zero

b) frequency approaches maximum

c) frequency approaches mid-range

d) frequency approaches cutoff
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40. What effect does low frequency have on the emitter bypass RC circuit?
a) Decreases impedance and increases voltage gain
b) Increases impedance and decreases voltage gain
¢) Increases impedance and increases voltage gain
d) Decreases impedance and decreases voltage gain

41. For a lag network above the cutoff frequency, the voltage gain:
a) decreases at the rate of 20 db per decade
b) increases at the rate of 6 db per octave
c) decreases at the rate of 6 db per octave
d) a and c above

42. Semilog graph paper has:
a) two (2) linear axis
b) one vertical linear axis and one logarithmic horizontal axis
c) one horizontal linear axis and one vertical logarithmic axis
d) two (2) logarithmic axis

43. To effectively analyze an RC coupled amplifier high frequency response
you need only consider the coupling and bypass capacitance, the internal
capacitance can be ignored.

a) true
b) false

44 . The unity-gain frequency (fr) equals the product of mid-range voltage
gain (Ay(piq)) and the:
a) compensating capacitance
b) fcu
c) BW
d) load resistance

45. At the unity-gain frequency, the open-loop voltage gain is:
a) 1
b) Anid
c) zero
d) very large
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26. Answer: d Difficulty: 1 Section: 1
27. Answer: d Difficulty: 2 Section: 1
28. Answer: d Difficulty: 2 Section: 1
29. Answer: b Difficulty: 2 Section: 2
30. Answer: b Difficulty: 2 Section: 2
31. Answer: b Difficulty: 2 Section: 2
32. Answer: c¢ Difficulty: 2 Section: 2
33. Answer: b Difficulty: 2 Section: 2
34. Answer: a Difficulty: 2 Section: 2
35. Answer: a Difficulty: 2 Section: 3
36. Answer: c¢ Difficulty: 1 Section: 3
37. Answer: c¢ Difficulty: 1 Section: 3
38. Answer: c¢ Difficulty: 1 Section: 3
39. Answer: a Difficulty: 2 Section: 3
40. Answer: b Difficulty: 2 Section: 3
41. Answer: d Difficulty: 3 Section: 3
42. Answer: b Difficulty: 1 Section: 3
43. Answer: b Difficulty: 2 Section: 5
44. Answer: ¢ Difficulty: 2 Section: 5

45. Answer: a Difficulty: 2 Section: 5
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Chapter 11: Thyristors and Other Devices

MULTIPLE CHOICE

1. The SCR is a device that can be triggered on by a pulse applied to the
gate.

a) true
b) false

2. A device that conducts current in only one direction is called a diac.

a) true
b) false

3. A device that can be turned on or off by a gate pulse is called an SCS.

a) true
b) false

4. A triac can be turned on by a pulse at the gate.
a) true
b) false

5. AUJT is turned on by a negative pulse at the base.
a) true
b) false

e r T

Figure 11-1

6. Refer to Figure 11-1 (a). The symbol is for:
a) a triac
b) a UJT
¢) a diac
d) a PUT
e) an SCR

7. Refer to Figure 11-1 (b). The symbol is for:
a) a triac
b) a UJIT
c) a diac
d) a PUT
e) an SCR

8. Refer to Figure 11-1 (c¢). The symbol is for:
a) a triac
b) a UJT
c) a diac
d) a PUT
e) an SCR
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10.

11.

12.

13.

14.

15.

16.

. Refer to Figure 11-1 (d). The symbol is for:

a) a triac
b) a UJT
c) a diac
d) a PUT
e) an SCR

Refer to Figure 11-1 (e). The symbol is for:
a) a triac

b) a UJT

¢) a diac

d) a PUT

e) an SCR

A good choice to trigger atriac would be:
a) a UIT

b) an SCR

c) a diac

d) a Schockley diode

The best choice to operate a small variable speed ac motor is a(n):
a) triac

b) diac

c) SCR

d) WJT

e) PUT

The best choice to shut down a dc power supply in case of a high voltage
condition is a(n):

a) triac

b) diac

¢) SCR

d) UJT

e) PUT

A good choice to turn on a device at a particular voltage would be a(n):
a) triac

b) diac

c) SCR

d) UJT

e) PUT

The most likely device to be used in an oscillator is a(n):
a) triac

b) diac

¢) SCR

d) UIT

e) PUT

A typical use for an optical coupler might be:

a) to connect telephone lines to electronic equipment
b) to transfer signals to a fiber optic cable

c) to isolate one circuit from another

d) all of these
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An SCS has a unique ability to:

a) be turned on or off with a pulse
b) be turned off only with a pulse
¢) control a PUT

d) all of these

If an SCR starts to conduct when a gate current is established, what
will occur when the gate circuit is interrupted?

a) The SCR will turn off.

b) The SCR current will increase.

c¢) The SCR will continue to conduct.

d) The SCR gate current will increase.

An SCR will turn off when the voltage across it 1s:
a) increased to the supply voltage

b) decreased to near 0 V

¢) timed out

d) decreased by the value of the gate voltage

A triac is used on ac because:

a) it conducts on both alternations

b) it is turned off when the ac voltage reaches zero
c) it can deliver more power to the load in a cycle
d) all of these

A device is needed to trigger an SCR. A good one to use might be:
a) an SCR

b) a UJT

c) a Schockley diode

d) a PUT

The best device to be used to control a dc motor is:
a) triac

b) PUT

c) SCR

d) diac

An SCR is used to control the speed of a dc motor by the
of the pulse delivered to the motor.

a) varying, width

b) increasing, amplitude

c) decreasing, gate width

d) none of these

Which of the following applications would be likely to use a diac?
a) A battery charger

b) An oscillator

c) A high frequency amplifier

d) A lamp dimmer
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25. A light dimmer circuit using an SCR is tested and IG = omA was found.
The light is still on. The trouble might be one of the following:
a) the SCR is open
b) the switch is faulty
¢) the gate circuit is shorted
d) this is normal, nothing is wrong

26. A thyristor can be used as:
a) a resistor
b) an amplifier
c) a switch
d) a power source

27. The minimum input current that can turn on a thyristor is called the:
a) holding current
b) switching current
c¢) breakdown current
d) low-current dropout current

28. The minimum current that keeps a latch closed is called the:
a) pick-up current
b) critical rate of current rise
c) trigger current
d) holding current

29. The only way to close a four-layer diode is with:
a) a trigger input applied to the gate
b) forward breakover voltage
¢) low-current dropout
d) none of the above

30. The only way to stop an SCR that is conducting is by:
a) a positive trigger
b) low-current drop out
c¢) breakover
d) reverse-bias triggering

31. A silicon controlled rectifier has:
a) two external leads
b) three external leads
¢) four external leads
d) three doped regions

32. An SCR is usually turned on by:
a) breakover
b) a gate trigger
¢) breakdown
d) holding current

33. SCRs are:
a) low-power devices
b) four-layer diodes
¢) high-current devices
d) bi-directional
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The trigger voltage of an SCR is closest to:
a) OV

b) 0.7 V

c)4V

d) breakover voltage

The voltage across a conducting SCR:
a) equals the breakover voltage

b) is exactly zero

¢) decreases with more anode current
d) is quite low

Disconnecting the gate lead is a conducting SCR will:
a) turn it off

b) not turn it off

c) destroy it

d) increase the anode current

The angle at which an SCR fires is called the:
a) displacement angle

b) firing angle

c) the peak angle

d) conduction angle

The forced commutation method requires momentarily forcing current in
the direction opposite to the reverse conduction so that the net reverse
current is reduced below the holding value.

a) true

b) false

SCR's are:

a) low-power devices

b) four-layer diodes

¢) high-current devices
d) bi-directional

Once a diac is conducting, the only way to turn it off is with:
a) low-current dropout

b) breakover

c) a negative gate voltage

d) a positive gate voltage

The diac is equivalent to:

a) two four-layered diodes in parallel
b) two SCRs in parallel

¢) two four-layer diodes in series

d) two triacs in parallel

The diac is a:

a) transistor

b) unidirectional device
¢) three-layer device

d) bi-directional device
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43. A triac acts like:
a) two SCRs in parallel
b) two SCRs in series
c) two diacs in parallel
d) a normal transistor

44. A triac:
a) can trigger only on positive gate voltages
b) cab trigger only on negative gate voltages
c) can be triggered by either a positive or a negative gate voltage
d) cannot be triggered with gate voltages

45. The triac is equivalent to:
a) a four-layer diode
b) two diacs in parallel
c) a thyristor with a gate lead
d) two SCRs in parallel

46. A silicon-controlled switch:
a) has only 1 gate lead
b) has two gate leads
c) can only be turned off with low-current dropout
d) is bi-directional

47. A UJT has:
a) two base leads
b) one emitter lead
¢) two emitter and one base leads
d) both a and b above

48. For a UJT, the intrinsic standoff ratio is:
a) equal to 1
b) always greater than 1
c) always less than 1
d) usually around 1 ko or so

49. For maximum sensitivity to light, the gate of a light-activated SCR,
LASCR, should be:
a) shorted to the cathode
b) shorted to ground
c) shorted to both the cathode and the anode
d) left open

50. The PUT (Programmable Unijunction Transistor) is actually a type of:
a) thyristor
b) FET device
c) triac
d) SCR

51. An optoisolator is a device containing in a single package.
a) a photodiode and an optotransmitter
b) a phototransistor and an optosensor
¢) an optotransmitter and an LED
d) an optotransmitter and an optosensor
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52. The slot type optical sensor (Phototransistor couplers) has a slot
separating .
a) a phototransistor and an optosensor
b) a photodiode and an optosensor
c) an optotransmitter and an LED
d) an LED and an optotransistor
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1. Answer: a Difficulty: 2
2. Answer: b Difficulty: 2
3. Answer: a Difficulty: 2
4. Answer: a Difficulty: 2
5. Answer: b Difficulty: 2
6. Answer: e Difficulty: 2
7. Answer: b Difficulty: 2
8. Answer: d Difficulty: 2
9. Answer: c¢ Difficulty: 2
10. Answer: a Difficulty: 2
11. Answer: ¢ Difficulty: 2
12. Answer: a Difficulty: 2
13. Answer: c¢ Difficulty: 3
14. Answer: e Difficulty: 2
15. Answer: d Difficulty: 2
16. Answer: d Difficulty: 2
17. Answer: a Difficulty: 2
18. Answer: c Difficulty: 3
19. Answer: b Difficulty: 2
20. Answer: d Difficulty: 2
21. Answer: b Difficulty: 3
22. Answer: c¢ Difficulty: 2
23. Answer: a Difficulty: 3
24. Answer: d Difficulty: 2

25. Answer: d Difficulty: 3
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51. Answer: d Difficulty: 2 Section: 10

52. Answer: d Difficulty: 3 Section: 10
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Chapter 12: Operational Amplifiers

MULTIPLE CHOICE

1. A good op-amp has high voltage gain, low output impedance, and high
input impedance.
a) true
b) false

2. An inverting amplifier has an input resistance equal to the input
resistor.

a) true
b) false

3. CMRR is the measure of an op-amps voltage gain for an inverting
amplifier.
a) true
b) false

4. All op-amp configurations must use negative feedback.

a) true
b) false

5. A voltage follower has a very high input impedance, and is often used as
a high voltage gain amplifier.

a) true
b) false
100 k2 500 k2
—— AAA——
N Vin Ry Re
v; Vout n Vout 50kQ Vout
n <
R
Lska 1
(2 () ©
Figure 12-1

6. Refer to Figure 12-1. Which circuit is the inverting amplifier?
a) (a)
b) (b)
c) (c)
d) None of the above

7. Refer to Figure 12-1. Which circuit is a voltage follower?
a) (a)
b) (b)
c) (¢)
d) None of the above

8. Refer to Figure 12-1. Which circuit is the non-inverting amplifier?
a) (a)
b) (b)
c) (¢)
d) None of the above
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10.

11.

12.

13.

14.

15.

16.

. Refer to Figure 12-1. Which circuit has a voltage gain of 1?7

a) (a)
b) (b)
c) (c)
d) None of the above

See Figure 12-1. Which circuit has an input impedance of about 5 kQ?
a) (a)

b) (b)

¢) (¢)

d) None of the above

Refer to Figure 12-1. Which circuit has a voltage gain of 10?7
a) (a)

b) (b)

¢) (¢)

d) None of the above

Refer to Figure 12-1. Which circuit has a voltage gain of 207
a) (a)

b) (b)

¢) (¢)

d) None of the above

12 V p-p, the

Refer to Figure 12-1 (a). If this circuit has a V;,
value of V,,¢ would be:

a) 20V

b) -20 V

c) 8.48 V p-p

d) 12 V p-p

Refer to Figure 12-1 (b). If this circuit has a V;, = 0.7, V,, would
be:

a) 14.7V

b) -14.7 V

c) 14V

dovVv

Refer to Figure 12-1 (¢). V;, = -6 V. The value of Vg, is:
a) 60V

b) -60 V

c) about -16 V

d) about 16 V

See Figure 12-1. If these three circuits were connected as a
multiple-stage amplifier, the total voltage gain would be:

a) 1

b) 10

c) 21

d) 210
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Refer to Figure 12-1 (c¢). If Ry is changed to 1 MQ, the new Acl would
be:

a) 20

b) -20

c) 21

d) -21

Refer to Figure 12-1 (¢). If an amplifier with an input impedance of 12

kQ and the same voltage gain is needed, the new value of Ry would be
and the new value of Rg would be

a) 10 k@, 100 k

b) 13.3 kQ, 120 kQ

c) 12 kQ, 108 kQ

d) 12 k@, 120 k

Ry E;;r
o TR
L

Figure 12-2

Refer to Figure 12-2. This op-amp has a slew rate of 1.33 V/us. How
long would it take to change the output voltage from -12 V to +12 V?
a) 18 us

b) 16 us

c) -18 us

d) 48 ps

Refer to Figure 12-2. Which components are used to set input impedance
and voltage gain?

b) R;
c) Ry and Ry
d) R3 and Ry

Refer to Figure 12-2. Which components are used for offset voltage
compensation?

a) Ry

b) R

C) Rl and R2

d) Ry

Refer to Figure 12-2. Which components are used for bias current
compensation?

a) Ry

b) Ry

c) Ry and Ry

d) Ry
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23. Refer to Figure 12-2. The purpose of R; and Ry is:
a) for bias current compensation
b) for input offset voltage compensation
c) to set input impedance only
d) to set input impedance and voltage gain

24. It takes an op-amp 22 us to change its output from -15 V to +15 V. The
slew rate for this amplifier is:
a) 1.36 V/us
b) 0.68 V/us
c) -0.68 V/us
d) -1.36 V/us

25. A voltage follower amplifier comes to you for service. You find the
voltage gain to be 5.5 and the input impedance is 22 kQ. The probable
fault in this amplifier is, if any:

a) the gain is too low for this type of amplifier

b) the input impedance is too high for this amplifier

c) nothing is wrong. The trouble must be somewhere else
d) cannot be determined

26. The op amp can amplify:
a) ac signals only
b) dc signals only
c) both ac and dc signals
d) neither ac nor dc signals

27. The typical input stage of an op amp has a:
a) single-ended input and single-ended output
b) single-ended input and differential output
c) differential input and single-ended output
d) differential input and differential output

28. The common-mode signal is applied to:
a) the noninverting input
b) the inverting input
c) both inputs
d) top of the tail resistor

29. If an Op Amp were perfect, the CMRR would be:
a) zero
b) infinite
c) equal to the differential gain
d) both b and ¢ above

30. In an Op Amp, the CMRR is limited mostly by the:
a) CMRR of the op amp
b) gain-bandwidth product
c) supply voltages
d) tolerance of the resistors
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The open-loop voltage gain (A,;) of an Op Amp is the:
a) external voltage gain the device is capable of

b) internal voltage gain the device is capable of

c) most controlled parameter

d) same as A.p

The input offset current is usually:

a) less than the input bias current

b) equal to zero

c) less than the input offset voltage

d) unimportant when a base resistor is used

With both inputs grounded, the only offset that produces an error is
the:

a) input offset current

b) input bias current

c) input offset voltage

d) input short circuit current

The input offset current equals the:

a) difference between two base currents

b) average of two base currents

c) collector current divided by current gain

d) difference between two base-emitter voltages

The ideal Op Amp has:

a) infinite input impedance and zero output impedance
b) infinite output impedance and zero input impedance
c) infinite voltage gain and infinite bandwidth

d) both a and ¢

The two basic ways of specifying input impedance of an Op Amp are:
a) differential and extremely high

b) differential and common-loop

c) differential and common-mode

d) closed-loop and common-mode

The initial slope of a sine wave is directly proportional to the:
a) slew rate

b) voltage gain

c) voltage gain

d) capacitance

When the initial slope of a sine wave is greater than the slew rate:
a) distortion occurs

b) voltage gain is maximum

c) voltage gain is maximum

d) the op amp works best

When slew-rate distortion of a sine wave occurs, the output:
a) is larger

b) appears triangular

c) is normal

d) has no offset
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40. With negative feedback, the returning signal:
a) aids the input signal
b) opposes the input signal
c) is proportional to output current
d) is proportional to differential voltage gain

41. The closed-loop voltage gain of an inverting amplifier equals:
a) the ratio of the input resistance to the feedback resistance
b) the open-loop voltage gain
c) the feedback resistance divided by the input resistance
d) the input resistance

42. The noninverting amplifier has a:
a) large closed-loop voltage gain
b) small open-loop voltage gain
c¢) small closed-loop input impedance
d) small closed-loop output impedance

43. The voltage follower has a:
a) closed-loop voltage gain of unity
b) small open-loop voltage gain
c) closed-loop bandwidth of zero
d) large closed-loop output impedance

44 . The feedback fraction "B":
a) is always less than 1
b) is usually greater than 1
c) may equal 1
d) may not equal 1

45. The loop gain Ay B:
a) is usually much smaller than 1
b) is usually much greater than 1
c) may not equal 1
d) is between O and 1

46. Current cannot flow to ground through:
a) a mechanical ground
b) an ac ground
c) a virtual ground
d) an ordinary ground

47. The closed-loop input impedance in a noninverting amplifier is:
a) much greater than the open-loop input impedance
b) equal to the open-loop input impedance
c) sometimes less than the open-loop input impedance
d) ideally zero

48. The imbalances of the internal circuitry of an op amp are lumped into
one value called the
a) imbalance factor
b) input offset voltage
c) output offset voltage
d) balance offset factor
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49. The voltage gain of an op amp is unity at the:
a) cutoff frequency
b) unity-gain frequency
c) generator frequency
d) power bandwidth

50. For a given op amp, which of these is constant?

a. Icccp)

b. feedback voltage
C. AOL

d. Aor fceorL)

51. If the unit-gain frequency is 10 MHz and the mid-band open-loop voltage
gain is 200,000, the cutoff frequency is:
a) 5 kHz
b) 50 Hz
c) 5 Hz
d) 25 MHz
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51. Answer: b Difficulty: 1 Section: 6
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Chapter 13: Basic Op-Amp Applications

MULTIPLE CHOICE

1. An op-amp comparator has an output dependent upon the polarities of the
two inputs.

a) true
b) false

2. The output voltage of a summing amplifier is proportional to the product
of the input voltages.
a) true
b) false

3. Integration is a mathematical process for determining the area under a
curve.

a) true
b) false

4. A square wave input to an op-amp integrator will produce a sine wave
output.
a) true
b) false

5. Bounding allows the op-amp to have unlimited output voltage.

a) true
b) false

6. An op-amp has an open-loop gain of 100,000. Vg, = +/-12 V. A
differential signal voltage of 150 uV p-p is applied between the inputs.
What is the output voltage?

a) 12V
b) -12 V
c) 12 V p-p
d) 24 V p-p

7. A summing amplifier can:
a) add dc voltages
b) add ac voltages
¢) add dc to ac voltages
d) all of these

v -4V
o o
o - - o
Vout o Vout + Vout
2V

@ ®) ©

Figure 13-1
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8. Refer to Figure 13-1 (a). If Voo =15V, the approximate output voltage
is:
a) 1V
b) -1V
c) 13V
d) -13V

9. Refer to Figure 13-1 (b). If Vg, = +/-12 V, the approximate output
voltage 1is:
a) 12V
b) -12 V
c)2V
d) -2V

10. Refer to Figure 13-1 (c¢). If Vg, = +/-10 V, the approximate value of
VOUT is:
a) -1V
b) 1V
c) -6V
d) none of the above

11. Refer to Figure 13-1 (c¢). With the inputs shown, the output voltage
would be:
a) 7V
b) -7V
c) +Vgay
d) 'Vsat

5kQ 30kQ

S5kQ 10kQ

o

°:::::] 0.15V

AV 5ka 3 . o 10k | »

+15V -1V _10kQ Vout
05V

(2 ®)

Figure 13-2

12. Refer to Figure 13-2 (a). If a solder splash shorted the two ends of
the feedback resistor to each other, the output voltage would be:
a) 0.5V
b) -0.5V
c) 0V
d) 'Vsat

13. Refer to Figure 13-2 (b). A voltmeter placed from the inverting input
to ground would read:
a) -0.925 V
b) -2.775 V
c) 2.7715V
d)=0V
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Vin @ Vout
2Vp-p —8
Ry
68kQ
Ry
Vsat =311V 10kQ

(@
Figure 13-3

Refer to Figure 13-3 (a). This circuit is known as:
a) a multivibrator

b) a zero level detector

¢) a non-zero level detector

d) a non-inverting amplifier

Refer to Figure 13-3 (b). This type of circuit will usually have:
a) a square wave output if the input is a sine wave

b) a triangle wave output

c) a ramp output for a square wave input

d) none of these

Refer to Figure 13-3 (b). The output voltage with the inputs as shown
is:

a) +Vg,¢
b) 'Vs at
c) 26 Vp-p
d) 17.06 Vp_p
R C
i€
c 2kQ . 221
e . !
0.01pF - 150kQ a—o
@ ®

Figure 13-4

See Figure 13-4. This circuit is known as:
a) a non-inverting amplifier

b) an integrator

c) a differentiator

d) a summing amplifier

Refer to Figure 13-4. Which of these circuits is known as a
differentiator?

a) (a)

b) (b)

¢) None of these
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19.

20.

21.

22.

23.

24.

25.

26.

Refer to Figure 13-4 (b). A square wave input is applied to this
amplifier. The output voltage is most likely to be:

a) a square wave

b) a triangle wave

Cc) a sine wave

d) no output

A Schmitt trigger is:

a) a comparator with hysteresis

b) a comparator with one trigger point
c) a comparator with two trigger points
d) a and c

An op-amp has an open-loop gain of 90,000. Vg, = +/-13 V. A
differential voltage of 0.1 Vy_,, is applied between the inputs. The
output voltage is:

a) 13V

b) -13 V

c) 13 Vp_p

d) 26 Vp_p

The output of a Schmitt trigger is a:
a) triangle wave

b) sine wave

c) sawtooth

d) square wave

An integrated circuit:

a) uses a capacitor in its feedback circuit

b) produces a ramp voltage at its output for a step input voltage
c) uses an inductor in its feedback circuit

d) a and b

A differential circuit:

a) uses a resistor in its feedback circuit

b) uses a capacitor in its feedback circuit

c) produces a ramp voltage at its output for a step input voltage
d) a and ¢

Hysteresis voltage is defined as:

a) the voltage of the lower trigger point

b) the voltage of the upper trigger point

c) the difference in voltage between the upper and the lower trigger
points

d) the sum of voltages of the upper and the lower trigger points

A comparator is an example of a(n):
a) active filter

b) current source

c¢) linear circuit

d) nonlinear circuit
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30.

31.

32.

33.

34.
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If the input to a comparator is a sine wave, the output is a:
a) ramp voltage

b) sine wave

c) rectangular wave

d) sawtooth wave

A zero crossing detector is a:

a) comparator with a sine-wave output

b) comparator with a trip point referenced to zero
c) peak detector

d) limiter

A window comparator:

a) has only one usable threshold

b) uses hysteresis to speed up response

c) clamps the input positively

d) detects an input voltage between two limits

A Schmitt trigger has:

a) only one trip point

b) only negative feedback

c) two slightly different trip points
d) a triangular output

A Schmitt trigger is a comparator with:
a) negative feedback

b) positive feedback

c) neither a nor b

d) both a and b

The circuit overcomes the problem of false switching caused by
noise on the input(s).

a) input buffer

b) Schmitt trigger

c) input noise rejecter

d) differentiator

The amount of hystersis in a Schmitt trigger is defined by the
of the two trigger levels.

a) difference Vyrp - VLTp

b) product Vyrp x ViTp

Vutp.

VLTP

d) sum VUTP + VLTP

C e
) division

Output Bounding is the process of the output voltage range of
a comparator.

a) extending

b) limiting

c) comparing

d) filtering
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35.

36.

37.

38.

39.

40.

41.

If all the resistors in a summing amplifier are equal, the output will
be equal to the .

a) average of the individual inputs

b) inverted average of the individual inputs

c) sum of the individual inputs

d) inverted sum of the individual inputs

If the value of resistor Ry in a averaging amplifier circuit is equal to
the value of one input resistor divided by the number of inputs, the
output will be equal to:

a) average of the individual inputs

b) inverted average of the individual inputs

c¢) sum of the individual inputs

d) inverted sum of the individual inputs

The input makes the summing amplifier circuit possible.
a) virtual ground at the noninverting

b) virtual ground at the inverting

c) low voltage

d) high voltage

A D/A converter is an application of the:
a) adjustable bandwidth circuit

b) noninverting amplifier

c) voltage-to-current converter

d) scaling adder

In an op-amp integrator, the current through the input resistor flows
into the:

a) inverting input

b) noninverting input

c) bypass capacitor

d) feedback capacitor

A mathematical operation that determines the rate of change of a curve
is called .

a) differentiation

b) integration

c) curve averaging

d) linear regression

A mathematical operation for finding the area under the curve of a graph
is called

a) differentiation

b) integration

c) curve averaging

d) linear regression
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42. 1% . ) .

The formula Ic = [”%}C shows that for a given capacitor, if the
voltage changes at a constant rate with respect to time, then current
will:

a) increase

b) decrease

c) be constant

d) decrease logarithmically

43. The output of an op-amp differentiator with a rectangular input is a:
a) series of positive and negative spikes
b) sine wave
c) ramp voltage
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Chapter 13: Basic Op-Amp Applications

1. Answer: a Difficulty: 2
2. Answer: b Difficulty: 2
3. Answer: a Difficulty: 2
4. Answer: b Difficulty: 2
5. Answer: b Difficulty: 2
6. Answer: d Difficulty: 2
7. Answer: d Difficulty: 2
8. Answer: ¢ Difficulty: 2
9. Answer: b Difficulty: 2
10. Answer: a Difficulty: 2
11. Answer: c¢ Difficulty: 2
12. Answer: c Difficulty: 3
13. Answer: d Difficulty: 3
14. Answer: c Difficulty: 2
15. Answer: a Difficulty: 2
16. Answer: ¢ Difficulty: 3
17. Answer: b Difficulty: 2
18. Answer: a Difficulty: 2
19. Answer: b Difficulty: 2
20. Answer: d Difficulty: 2
21. Answer: d Difficulty: 3
22. Answer: d Difficulty: 2
23. Answer: d Difficulty: 2
24. Answer: a Difficulty: 2

25. Answer: c¢ Difficulty: 2

304



26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.

Answer:
Answer:
Answer :
Answer :
Answer:
Answer:
Answer :
Answer :
Answer :
Answer :
Answer:
Answer:
Answer :
Answer :
Answer :
Answer :
Answer :

Answer:

Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:
Difficulty:

Difficulty:

Section:
Section:
Section:
Section:
Section:
Section:
Section:
Section:
Section:
Section:
Section:
Section:
Section:
Section:
Section:
Section:
Section:

Section:

305

Testbank



Chapter 14: Special-Purpose Op-Amp Circuits

MULTIPLE CHOICE

1.

10.

11.

A basic instrumentation amplifier has three op-amps.

a) true
b) false

One of the key characteristics of an instrumentation amplifier is its
low input impedance.

a) true

b) false

The voltage gain of an instrumentation amplifier is set with an external
resistor.

a) true
b) false

A basic isolation amplifier has two electrically isolated sections.

a) true
b) false

. Most isolation amplifiers use transformer coupling for isolation.

a) true
b) false

OTA stands for operational transistor amplifier.

a) true
b) false

A log amplifier has a JFET in the feedback loop.

a) true
b) false

. An antilog amplifier has a BJT in series with the input.

a) true
b) false

. The main purpose of an instrumentation amplifier is to amplify common

mode voltage.

a) true

b) false

The OTA is a voltage-to-current amplifier.

a) true

b) false

The OAT has a input impedance and a CMRR.
a) high, low

b) low, high

c) high, high

d) low, high
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13.

14.

15.

Inverted Inpute—— ¢ R3 Rs
Gain set o—e@— _ !
Ry

Testbank

Gain set o—&—

Noninvertede——+
Input

@ = ) (®)

Input Imput INPUT OUTPUT

amplifier Tl Output amplifier
| Sy {Moditor] |E|Emaumoz >
+ ] Output
+Input r3 Li P
clorz‘gmmanJ T2 Output
+ = S, 7 common
[Power 2 [Power|-V
isupply| 3 Co n
1 Power
§ o] ¥
© :
Figure 14-1 (C)]

Refer to Figure 14-1. Which of these circuits
amplifier?

a) (a)

b) (b)

c) (c)

d) (d)

Refer to Figure 14-1. Which of these circuits
constant-current source?

a) (a)

b) (b)

¢) (¢)

d) (d)

Refer to Figure 14-1. Which of these circuits
amplifier?

a) (a)

b) (b)

c) (¢)

d) (d)

Refer to Figure 14-1. Which of these circuits
instrumentation amplifier?

a) (a)

b) (b)

c) (c)

d) (d)
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Chapter 14: Special-Purpose Op-Amp Circuits

16.

17.

18.

19.

20.

Refer to Figure 14-1 (a). If R; = Ry = 30 kQ and the closed loop gain
is 450, the value of the external gain-setting resistor Rg is:

a) 133.64 kQ

b) 133.64 Q

c) 13.364 Q

d) none of the above

Refer to Figure 14-1 (a). If Ry = Ry =28 kQ and Rz = 100 Q, the A;;
would be:

a) 5.51

b) 55.1

c) 551

d) 550

Refer to Figure 14-1 (b). If V;, =5V and R;, = 22 kQ, the current
thru the load Ry would be:

a) 227.27 mA

b) .227 pA

c) 22.72 mA

d) 227.27 pA

Refer to Figure 14-1 (d). If V;, =200 mV, Rg = 52 k, and Iggy = 50 nA,
the V,,¢ would be:

a) 77.5V

b) 7.75 mV

c) 7.75 V

d) 775 mV

—o0 Vout

Figure 14-2

Refer to Figure 14-2. Which of these circuits is known as a
voltage-to-current converter?

a) (a)

b) (b)

¢) (c)

d) (d)
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24.

25.

26.

27.

28.
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Refer to Figure 14-2. Which of these circuits is known as a
current-to-voltage converter?

a) (a)

b) (b)

¢) (c)

d) (d)

Refer to Figure 14-2. Which of these circuits contains an OTA?
a) (a)
b) (b)
c) (c)
d) (d)

Refer to Figure 14-2. Which of these circuits is known as a peak
detector?

a) (a)

b) (b)

c) (c)

d) (d)

Refer to Figure 14-2 (b). If Ry, =20k, Ry =1.2 k, and V;;, =2.5V,
the load current Ij would be:

a) 20.83 mA

b) 2.083 mA

c) 2.083 A

d) 208.3 pA

Refer to figure 14-2 (d). If g,
gain would be:

a) 625

b) 62.5

c) 6.25

d) not enough information

25 mS and Ry = 25 kQ, the voltage

The input signal for an instrumentation amplifier usually comes from:
a) an inverting amplifier

b) a transducer

c) a differential amplifier

d) a wheatstone bridge

In the classic three op-amp instrumentation amplifier, the differential
voltage gain is usually produced by the:
a) first stage

b) second stage

c¢) mismatched resistors

d) output op amp

An instrumentation amplifier has a high:
a) output impedance

b) power gain

c) CMRR

d) supply voltage
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29. An input transducer converts:
a) voltage to current
b) current to voltage
c) an electrical quantity to a nonelectrical quantity
d) a nonelectrical quantity to an electrical quantity

30. In some respects an isolation amplifier is nothing more than an
elaborate:
a) op amp
b) instrumentation amplifier
c) rectifier and filter
d) both a and b

31. The primary function of the oscillator in an isolation amplifier is to:
a) convert dc to high frequency ac
b) convert dc to low frequency ac
c) rectify high frequency ac to dc
d) produce dual polarity dc voltages for the input to the demodulator

32. The voltage gain of an OTA can be calculated using the formula:

a) Ay = %?
b) Ay = g,R
C)Av={§fj+1
d)AV=2£f_

R;

33. If an operational transconductance amplifier (OTA) is used as a
nonlinear mixer and an audio signal is mixed with an RF signal, the
output will be a(n) signal.

a) square wave

b) triangular wave

¢) frequency modulated (FM)
d) amplitude modulated (AM)

34. When using an OTA in a Schmitt-trigger configuration, the trigger points
are controlled by:
a) the Iyt
b) the Ipysg
C) the VOUT
d) both a and b

35. A logarithmic characteristic, when placed in the feedback loop, will
produce a natural logarithm?

a) true
b) false
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37.

38.

39.

40.

Testbank

. An antilog amplifier is formed by connecting a PN junction (diode or
BJT) to the:
a) input
b) output
c) feedback loop
d) inverting and noninverting inputs

To scale down large signal voltages without obscuring lower signal
voltages, should be used.

a) signal compression

b) logarithmic signal compression

c) natural logarithmic signal compression

d) antilogarithmic signal compression

A voltage-to-current converter is used in applications where its
necessary to have an output load current that is controlled by

a) input voltage

b) input resistance
c) output resistance
d) input frequency

The output of a peak detector is always:

a) 70.7% of input

b) equal to the max value of the peak level received since the last
reset pulse

c) equal to the min value of the peak level received since the last
reset pulse

d) none of the above

The precision rectifier circuit is designed to

a) rectify precision waveforms

b) amplify and rectify waveforms

c) rectify waveforms with very small voltage swings
d) rectify waveforms with very large voltage swings
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Chapter 14: Special-Purpose Op-Amp Circuits

1. Answer: a Difficulty: 2
2. Answer: b Difficulty: 2
3. Answer: a Difficulty: 2
4. Answer: b Difficulty: 2
5. Answer: a Difficulty: 2
6. Answer: b Difficulty: 2
7. Answer: b Difficulty: 2
8. Answer: a Difficulty: 2
9. Answer: b Difficulty: 2
10. Answer: a Difficulty: 2
11. Answer: ¢ Difficulty: 2
12. Answer: d Difficulty: 2
13. Answer: b Difficulty: 2
14. Answer: ¢ Difficulty: 2
15. Answer: a Difficulty: 2
16. Answer: b Difficulty: 2
17. Answer: c Difficulty: 2
18. Answer: d Difficulty: 2
19. Answer: ¢ Difficulty: 2
20. Answer: b Difficulty: 2
21. Answer: a Difficulty: 2
22. Answer: d Difficulty: 2
23. Answer: c¢ Difficulty: 2
24. Answer: b Difficulty: 2

25. Answer: a Difficulty: 2
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Chapter 15: Active Filters

MULTIPLE CHOICE

1. The bandwidth of a band-pass filter is the difference between the two
cutoff frequencies.

a) true
b) false

2. Butterworth filters have a roll-off of 40 dB/decade and a widely varying
output in the pass-band.
a) true
b) false

3. A high-pass filter passes high frequencies easily and attenuates all
others.
a) true
b) false

4. A low-pass filter attenuates low frequencies.
a) true
b) false

5. A band-reject filter passes all frequencies above and below a band.

a) true
b) false

Gain Gain
A

@ ®)

A
K ) vf
© @

4

Figure 15-1

6. Refer to Figure 15-1 (a). This is the frequency response curve for a:
a) low-pass filter
b) high-pass filter
c) band-pass filter
d) band-stop filter

7. Refer to Figure 15-1 (b). This is the frequency response curve for a:
a) low-pass filter
b) high-pass filter
c) band-pass filter
d) band-stop filter
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. Refer to Figure 15-1 (c¢). This is the frequency response curve for a:

a) low-pass filter

b) high-pass filter
c) band-pass filter
d) band-stop filter

. Refer to Figure 15-1 (d). This is the frequency response curve for a:

a) low-pass filter

b) high-pass filter
c) band-pass filter
d) band-stop filter

0.0474F
VQ&‘.’E_&F Vout ATa Vo
f2 inE:RA 0.0474F % :RA
1Rs Ry
@ ®)
00I1E 1002
150k 9 0.01F [0 IxF v
33k |0.01uF | v "v " \7+l—|l— _;_gut
L7000 SRR 12 in 100 Q IR
n 222kQ 1 1.

© @
Figure 15-2

Refer to Figure 15-2. Identify the active single-pole high-pass filter.
a) (a)
b) (b)
¢c) (¢)
d) (d)

Refer to Figure 15-2. Identify the high-pass filter with a 40 dB/decade
roll-off.

a) (a)

b) (b)

c) (c)

d) (d)

Refer to Figure 15-2. The low-pass filter with a 20 dB/decade roll-off
is:

a) (a)

b) (b)

c) (¢)

d) none of the above

Refer to Figure 15-2. The band-pass filter is:
a) (a)
b) (b)
c) (c)
d) (d)
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14.

15.

16.

17.

18.

19.

Refer to Figure 15-2. The low-pass filter with a roll-off of 40
db/decade is:

a) (a)

b) (b)

¢) (c)

d) (d)

Refer to Figure 15-2 (a). This circuit was checked for proper operation
and fo was correct but the voltage gain is 1. The cause of this problem
might be:

a) the 1.2 kQ resistor is open

b) the capacitor is shorted

c) Ry, is open

d) Rg is open

47k 4_‘7,\1552
0224 F [OTRE 7" o |022F| 0.14F
. il

v — L 1< + --—aVout
® 6-81‘9% |' % 1kQ s.sksz_% ;’ F68kQ

F6.8kQ N 256kQ

AMA

Figure 15-3

Refer to Figure 15-3. This circuit is known as a and the
roll-off rate is .

a) low-pass filter, 60 dB/decade

b) high-pass filter, 20 dB/decade

c) high-pass filter, 80 dB/decade

d) band-pass filter, 80 dB/decade

Refer to Figure 15-3. The cutoff frequency for the first filter section
is the cutoff frequency for the second section.

a) equal to

b) higher than

c) lower than

d) none of these

Refer to Figure 15-3. This filter has a roll-off rate of:
a) 20 dB/decade
b) 40 dB/decade
c) 60 dB/decade
d) 80 dB/decade

A high-pass filter has a cutoff frequency of 1.23 kHz. The bandwidth of
this filter is:

a) 2.46 kHz

b) 1.23 kHz

c) 644 Hz

d) none of these
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. A low-pass filter with a roll-off rate of 60 dB/decade is needed. The
best combination to use is:
a) a 2-pole filter followed by another 2-pole
b) two single-pole filters in series
c) a 2-pole filter followed by a 1-pole
d) none of these

is:

a) 1.694 kHz

b) 10.6 kHz

c) 3.39 Hz

d) none of these

A pole is a network that contains:
a) a resistor and a capacitor
b) a resistor and an inductor
c) a capacitor and an inductor
d) two resistors and one inductor

A maximally flat frequency response is a common name for:
a) Chebyshev

b) Bessel

c) Butterworth

d) Colpitts

An RC circuit produces a roll-off rate of:
a) -20 dB/decade

b) -6 dB/octave

c) -40 dB/decade

d) a and b

A low-pass filter has a cutoff frequency of 1.23 kHz. Determine the
bandwidth of the filter.

a) 2.46 kHz

b) 1.23 kHz

c) 644 Hz

d) not enough information given

Above the f. cutoff frequency of a low-pass filter, the output voltage

a) does not change

b) doubles for every 1 kHz increase in frequency
c) increases

d) decreases

The center frequency of a bandpass filter is always equal to the:
a) bandwidth

b) geometric average of the cutoff frequencies

¢) bandwidth divided by Q

d) 3-dB frequency
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28. Bandpass filters are designed to pass a band of frequencies between

a) f.q and f,

b) a bandstart and bandstop
¢) 1 kHz and 10 kHz

d) 1 kHz and 10 MHz

29. Low—Q filters are circuits, and high—Q filters are
circuits.
a) bandpass, bandstop
b) wide bandpass, narrow bandpass
c) low pass, high pass
d) low order, high order

30. A notch filter is a(n):
a) all-pass filter
b) bandpass circuit
¢) bandstop circuit
d) time-delay circuit

31. The type of filter response with a rippled passband is the:
a) Butterworth
b) Chebyshev
c) Inverse Chebyshev
d) Bessel

32. The approximation that distorts digital signals the least is the:
a) Butterworth
b) Chebyshev
c) Elliptic
d) Bessel

33. The filter with the slowest roll-off rate is the:
a) Butterworth
b) Chebyshev
c) Elliptic
d) Bessel

34. The damping factor (DF) of an active filter determined by:
a) the positive feedback of the circuit
b) the negative feedback of the circuit
c) the number of poles
d) the Q of the circuit

35. If a Butterworth filter has 9 second-order stages, its rolloff rate is:
a) 20 dB per decade
b) 40 dB per decade
c) 180 dB per decade
d) 360 dB per decade
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Sallen-Key filters are also called:
a) VCVS filters

b) multiple feedback filters

c) biquadratic filters

d) state-variable filters

By cascading low-pass filters, can be improved.
a) band-width

b) roll-off rate

c) Q-rating

d) phase shift

A multiple-feedback bandpass filter

a) uses a minimum of two op amps

b) is used for a narrow band (high Q) filter
¢) is used for a wide band (low Q) filter

d) is also known as a Sallen-Key filter

The state-variable filter:

a) is difficult to tune

b) uses fewer than three op amps

c) has high component sensitivity

d) has a low-pass, high-pass and bandpass output

The Q of a state-variable filter is controlled by the:
a) ratio of Rs

b) product of Rs x Rg
c¢) ratio of the feedback resistors
d) both a and ¢

How does the multiple-feedback bandstop filter differ from the

multiple-feedback bandpass filter?

a) both the inverting and noninverting inputs use feedback and input
resistors

b) both have input and feedback capacitors

c) both inverting and noninverting inputs have ac applied

d) both a and b
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Chapter 16: Oscillators

MULTIPLE CHOICE

1.

6.

To operate properly, an oscillator requires an external ac input signal.

a) true
b) false

. An oscillator can produce many types of outputs, such as sine, triangle,

or square waves.
a) true
b) false

. Positive feedback is required for an oscillator to operate properly.

a) true
b) false

. Crystal oscillators are very stable.

a) true
b) false

. An RC phase-shift oscillator uses feedback from a tank circuit.

a) true
b) false

2R2 Ry Ccs3
L=

= R3 _L—vav— ==
L L'Icz i < R3

|

=C1 TCZ F=C4 - CS
-———s% C3 Cq »—— =
—

® ®)

£ L
3Ry R3 3 031\

© Figure 16-1

Refer to Figure 16-1. Which of these circuits is known as a Clapp
oscillator?

a) (a)

b) (b)

¢) (¢)

d) none of these
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Refer to Figure 16-1. Which of these circuits is known as a crystal

oscillator?
a) (a)
b) (b)
c) (c)

d) none of these

oscillator?
a) (a)
b) (b)
c) (¢)

d) none of these

. Refer to Figure 16-1. Which of these circuits is known as an Armstrong

Refer to Figure 16-1. Which of these circuits is known as a Colpitts

oscillator?
a) (a)
b) (b)
c) (¢)

d) none of these

Refer to Figure 16-1. Which of these circuits is known as a Hartley

oscillator?
a) (a)
b) (b)
¢) (c)

d) none of these

Refer to Figure 16-1 (a).

a) Ll’ Cl

b) L, G, G
C) Ll’ C3, C4
d) L, G5, G4

Refer to Figure 16-1 (c).

arc:

a) L2, C2.
b) Ly, Cj.
C) Ll’ C2.
d) L, Cj.

20 mH
0.1 F .05 F
oger Soper]

Figure 16-2

The resonant frequency is determined by:

The main frequency determining components
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13.

14.

15.

16.

17.

18.

Refer to Figure 16-2. If the 20 mH inductor were increased to 100 mH,
the resonant frequency would:

a) increase

b) decrease

c) remain the same

d) cannot be determined

Refer to Figure 16-2. This circuit operates easily as a:
a) variable frequency oscillator

b) fixed frequency oscillator

c) a crystal oscillator

d) none of these

+ Ve

=
F Ra c3

—1¢ Vour
Ca
[i N A

200 pF , Ca

L2 L1
SO mH = 10 mH

Figure 16-3

Refer to Figure 16-3. This circuit is known as:
a) a Clapp oscillator

b) a Colpitts oscillator

c) an Armstrong oscillator

d) a Hartley oscillator

Refer to Figure 16-3. This type of oscillator utilizes feedback
to control the oscillation. The voltage gain is .

a) negative, low

b) positive, high

c) positive, low

d) negative, high

An op-amp differentiator with a linear ramp voltage as its input, will
have output.

a) dc

b) a square wave

c) a sine wave

d) a triangle wave

A very stable oscillator is needed to operate on a single frequency, a
good choice might be:

a) a Hartley

b) a Colpitts

c) a crystal

d) a Clapp

324



19.

20.

21.

22.

23.

24.

25.

Testbank

Refer to Figure 16-3. If C; decreases in value, the resonant frequency
will:

a) increase

b) decrease

c) remain the same

d) cannot be determined

+v
ce
3

(a) (®)
RESET v [
) prscu ee
&) sss 3)

500 52 EE Rz f— THRESH out 2o
2 1+1r1c conT 52 o
Gnd

10052 TRy

10 paF === Coxt

1 x l_(a)
Figure 16-4

Refer to Figure 16-4. If the value of Voc = 5V, the output voltage
would be:

a) a square wave of 10 V _

b) a square wave that varies between O V and 5 V

Cc) a sine wave

d) 5 Vdc

Nonsinusoidal oscillators produce:
a) sine waves only

b) triangle waves only

c) square waves only

d) either b or ¢

The 555 timer contains:
a) 2 comparators
b) 3 comparators
c) 4 comparators
d) 5 comparators

The most stable type of oscillator is:
a) the Clapp oscillator

b) the Hartley oscillator

c) the Crystal oscillator

d) the Colpitts oscillator

Refer to Figure 16-4. To reduce the duty cycle to less than 50%, the
following circuit change would be necessary:

a) reduce the size of Ry

b) reduce the size of Ry

c) increase the size of R

d) connect a diode in parallel with R;

A circuit that can change the frequency of oscillation with an
application of a dc voltage is sometimes called:

a) a voltage-controlled oscillator

b) a crystal oscillator

c) a Hartley oscillator

d) an astable multivibrator
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26.

27.

28.

29.

30.

31.

32.

33.

Which of the following is not an essential requirement of a feedback
oscillator?

a) Positive feedback network

b) Negative feedback network

c) Phase shift around the feedback loop of 0°

d) Amplifier circuit

In order to sustain oscillations in a feedback oscillator, the gain
should be so the product of Ay x B equals

a) reduced, one

b) reduced, less than one

c) increased, more than one

d) increased, much greater than one

The voltage that starts a feedback oscillator is caused by:
a) ripple from the power supply

b) thermal noise in resistors

c) the input signal from a generator

d) positive feedback

A Wien-bridge oscillator uses:
a) positive feedback

b) negative feedback

c) both types of feedback

d) an LC tank circuit

The RC feedback network used in the Wein-bridge oscillator has a maximum
output voltage when:

a) Xc = X,
b) X =R
¢) Ry = Ry and X1 = Xc2
d)R=00

The closed-loop voltage gain, A, for a Wien-bridge oscillator is:
a) 3, after the oscillations have built up

b) slightly greater than 1

c) less than 1

d) exactly 1

In order for feedback oscillators to have any practical value, the gain
has to be:

a) 1/4

b) self-adjusting

c) stabilized

d) non-linear

The phase-shift oscillator usually has:
a) two lead or lag circuits

b) three lead or lag circuits

c) a lead-lag circuit

d) a twin-T filter
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The Twin-T Oscillator is a popular choice because it works well over a
wide range of frequencies.

a) true

b) false

A sure way to recognize a Colpitts oscillator is by:
a) the tapped inductors in the tank circuit

b) the tapped capacitors in the tank circuit

¢) the three lag networks in the feedback path

d) the lead/lag network in the feedback path

A sure way to recognize a Hartley oscillator is by the:
a) transformer used for feedback

b) three lead networks in the feedback path

c) tapped capacitors in the tank circuit

d) tapped inductors in the tank circuit

When Q decreases in a Colpitts oscillator, the frequency of oscillation:
a) decreases

b) remains the same

c) increases

d) becomes erratic

The Hartley oscillator uses:
a) negative feedback

b) two inductors

c) a tungsten lamp

d) a tickler coil

Of the following, the one with the most stable frequency is the:
a) Armstrong

b) Clapp

c) Colpitts

d) Hartley

Which type of LC oscillator uses a tickler coil in the feedback path?
a) Colpitts

b) Hartley

c) Armstrong

d) Clapp

Which of the following LC oscillators is least affected by the
transistor and stray capacitances?

a) Twin-T oscillator

b) Hartley oscillator

c) Colpitts oscillator

d) Clapp oscillator

In a Colpitts oscillator, which component(s) determine the feedback
fraction, B?

a) The resistors R; and Ry in the base circuit

b) The RF choke in the collector circuit

¢) The capacitors C; and C, in the tank circuit

d) The inductor in the tank circuit
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43. The Q of a crystal:
a) is extremely low
b) is about 10 or so in most cases
c) is extremely high
d) none of the above

44. For a crystal, the series resonant frequency, and the parallel resonant
frequency, are:
a) very far apart
b) usually within 1 kHz
¢) usually 10 MHz apart from each other
d) exactly the same

45. The higher resonant frequencies of a crystal are called:
a) undertones
b) overtones
c) octaves
d) decades
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Chapter 17: Communications Circuits

MULTIPLE CHOICE

1.

Combining an audio signal with an RF carrier in a non-linear device is
called .

a) neutralization

b) demodulation

c) heterodyning

d) modulation

. The process of modifying a high frequency carrier by the information to

be transmitted is called
a) modulation

b) multiplexing

c) carrier transmission
d) discrimination

. Mixing two signals by a nonlinear process is called

a) sum and product frequencies
b) heterodyning

c) spectrum modulation

d) bandwidth discrimination

. The outline of the peaks of the modulated carrier has the shape of the

information signal, and is called the
a) envelope

b) lower-side frequency

¢) RF index

d) duty cycle

. Both FM and AM are examples of which type of modulation?

a) Phase
b) Amplitude
c) Angle
d) Duty Cycle

. Higher modulating frequencies are amplified more than the lower

frequencies at the transmitting end of an FM system by a process called

a) pre-emphasis
b) full duplex
c) de-emphasis
d) filtering

The quadrant classification of a linear multiplier indicates the number
of that the multiplier can handle.

a) input polarity combinations

b) output polarity combinations

c¢) transfer characteristics

d) scale factors
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8. What is the purpose of a balanced modulator?
a) To eliminate the upper sideband
b) To eliminate the lower sideband
c¢) To eliminate both sidebands
d) To eliminate the carrier

9. The product of two sinusoidal signals is called:
a) balanced modulation
b) lower side frequency
c) suppressed-carrier modulation
d) both a and c

10. Balanced modulation is used in certain types of communications such as
AM broadcast systems, but is not used in single side-band systems.
a) true
b) false

11. If you receive an AM signal modulated by a pure sinusoidal signal in the
audio frequency range, you will hear:
a) a single tone
b) static
c) distortion
d) nothing

12. A mixer is basically a:
a) frequency doubler
b) frequency converter
¢) frequency demodulator
d) frequency modulator

13. A basic IF Amplifier always has:
a) a tuned (resonant) circuit on the input
b) a tuned (resonant) circuit on the output
c) a tuned (resonant) circuit on both the input and output
d) none of the above

14. The main difference between an FM receiver and an AM receiver is the:
a) method used to recover the audio signal from the modulated IF
b) method used to recover the audio signal from the carrier
c) method used to recover the audio signal from the mixer
d) method used to recover the audio signal from the detector

15. The phase detector in a PLL is followed by a low-pass filter. The
low-pass filter passes the and rejects all other frequencies.
a) input signal
b) feedback signal
c) sum of the input and feedback signals
d) difference of the input and feedback signals

16. In a PLL, to obtain lock, the signal frequency must come within the:
a) lock range
b) less than f¢,,
c) capture range
d) greater than f.,,
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For a PLL the capture range is:

a) always greater than the lock range
b) always the same as the lock range
¢) usually less than the lock range
d) always two times the lock range

A PLL can be used as a(n):
a) series voltage regulator
b) FM demodulator

c) pulse width modulator

d) both b & ¢

A phase detector has:

a) one input signal and two output signals
b) two input signals and one output signal
c) no input signals

d) three output signals

The bandwidth of the low-pass filter in a PLL determines the:
a) capture range

b) lock range

c) free-running frequency

d) phase difference

Most VCO's used in PLL's operate on the principle of
a) variable power

b) variable inductance

c) variable reactance

d) phase detection

If a PLL is designed to operate in the RF range and the input to the PLL
is connected to an audio signal, the output will be a(n)

signal.

a) square wave

b) triangular wave

c) frequency modulated (FM)

d) amplitude modulated (AM)
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Chapter 18: Voltage Regulators

MULTIPLE CHOICE

1.

. Refer to Figure 18-1 (a).

. Refer to Figure 18-1 (a).

Switching regulators are very efficient.
a) true
b) false

A Zener diode is sometimes used as a voltage regulator.

a) true
b) false

Line regulation is the percentage change in input voltage for a given
change in output voltage.

a) true

b) false

In a shunt regulator, the control element is in series with the load.

a) true
b) false

. Most voltage regulators include some kind of protection circuitry.

a) true
b) false

25 vV

Qi
PR, - -
Vout
L
L —=
= n ==z
=" < a7ks2

K a1y

ARA

N

=r
Ta=

Figure 18-1(a)

If the Zener had a voltage rating of 3.7 V,
Vout Would be:

a) 25V

b) 20.2 V

c) 18.2V

d) 7.1V

If a wire clipping were to short Q; emitter
to collector, the problem that might result is:

a) Ry would open

b) Voyr would increase to 25 V

c) Q; would fail

d) the Zener would open
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© Figure 18-1

8. Refer to Figure 18-1. Which of these circuits is known as a shunt
regulator?
a) (a)
b) (b)
¢c) (¢)
d) (a) or (b)

9. Refer to Figure 18-1. Which of these circuits is known as a step-up
switching regulator?
a) (a)
b) (b)
c) (¢)

d) none of these

10. Refer to Figure 18-1. Which of these circuits is known as a series
regulator?
a) (a)
b) (b)
¢) (¢)

d) none of these

Ry =10 52

15V L Vout
—
=
=r2 L
=Rz
+ =
Q3

qrnl Js
-_ =

Figure 18-1(b)

LA

Yy
Ed
Y

11. Refer to Figure 18-1 (b). The purpose for the op-amp is:
a) to supply a reference voltage
b) to sense the error signal
c) to limit the input voltage to the circuit
d) to amplify the error signal
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12. Refer

13. Refer to Figure 18-1 (a).

14.
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to Figure 18-1 (b).
conduct less
conduct the same
conduct more

open

An increase in Voyr will cause Qqp:
a) to
b) to
c) to
d) to

Qg -
Vout
L
L =
> r =<_R2
= "1 ~azks2

K a.2v =-r
a2k

A

i)

Figure 18-1(3)

To increase the current handling capability
of this regulator, beyond the 5 A rating of the transistor, the
reasonable thing to do would be:

a) place another transistor in series with Q

b) increase the value of the Zener diode

c) place another transistor in parallel with Q

d) change the values of Ry and Rj

-
Vout

i
YWY

-
R2
=

TV

—AAA

)

Figure 18-1(c)

Refer to Figure 18-1 (c¢). If the output voltage tends to increase due
to a decrease in load current, the transistor will conduct for

time each cycle.

a) a longer

b) a shorter

c) the same

d) exactly half the

o
25V

AMA 3
WYy )
n
3
g
"
MA
WYY l
N7
N <
I

N
4
b
<

AN
4
ND
)
d

Figure 18-1(a)

Refer to Figure 18-1 (a). This circuit is brought in for repair. The
measured output voltage was 25 V under all load conditions. A possible
cause of this symptom might be:

a) Ry has opened

b) Q; base-emitter has opened

¢) R3 has opened

d) V;, has decreased
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Figure 18-1(b)
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16. Refer to Figure 18-1 (b). If R; opened, Voyr would:
a) increase
b) decrease
c) remain the same
d) cannot be determined
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© Figure 18-1

17. Refer to Figure 18-1. In all of these circuits, the Zener is used:
a) to sense the change in output voltage
b) as a reference voltage
c) to supply the op-amp with Vic
d) to regulate the output voltage directly

18. Refer to Figure 18-1. The circuit that will also regulate the output
voltage when V;, varies is:
a) (a)
b) (b)
c) (¢)
d) all of the above

AA

1)
L4}

Figure 18-1(c)
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Refer to Figure 18-1 (c). This circuits operates at a frequency
and its efficiency is
a) low, low

b) low, high
c) high, high
d) high, low

Rj =10 $2

sV Vout
-
=r2
= _—
4+ =Rz
az
L
Ko,

Figure 18-1(b)

LA

Refer to Figure 18-1 (b). The purpose for the diode Dy is:
a) to supply a reference voltage

b) to amplify the error signal

c) to sense the error signal

d) to limit the input voltage to the circuit

Figure 18-1(a)

Refer to Figure 18-1 (a). If a solder splash shorted the ends of R; to
each other, the result would be:

a) the op-amp would fail

b) that Q; would open

¢) the output voltage would not change

d) the Zener would fail

A voltage regulator with a no-load dc output of 15 V is connected to a
load with a resistance of 12 Q. If the load voltage decreases to
14.5 V, the percent regulation would be:

a) 96.7%

b) 3.33%

c) 3.45%

d) 100%

An advantage of a switching regulator is:

a) the filter components are small

b) the circuit is very efficient

c) voltages can be stepped-up or stepped-down
d) all of these

e) none of these
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24.

25.

26.

27.

28.

29.

30.

31.

A voltage regulator has a no-load output of 18 V and a full load output
of 17.3 V. The percent load regulation is:

a) 0.25%

b) 96.1%

c) 4.05%

d) 1.04%

A voltage regulator with a no-load output dc voltage of 12 V is
connected to a load with a resistance of 10 Q. If the load resistance
decreases to 7.5 Q, the load voltage will decrease to 10.9 V. The load
current will be and the percent load regulation is

a) 1.45 A, 90.8%

b) 1.45 A, 9.17%

c) 1.6 A, 90.8%

d) 1.6 A, 9.17%

An increase of line voltage into a power supply usually produces:
a) a decrease in load resistance

b) an increase in load voltage

c) a decrease in efficiency

d) less power dissipation in the rectifier diodes

is a measurement of how well the power supply maintains a
constant output voltage with changes in input voltage.

a) voltage control

b) load voltage control

¢) load regulation

d) line regulation

If the output of a voltage regulator varies from 15 to 14.7 V between
the minimum and maximum load current, the load regulation is:

a) 0

b) 1%

c) 2%

d) 5%

If the output of a voltage regulator varies from 20 to 19.8 V when the
line voltage varies over its specified range, the source regulation is:
a) 0

b) 1%

c) 2%

d) 5%

A series regulator is an example of a:
a) linear regulator

b) switching regulator

c) shunt regulator

d) ac-to-dc converter

Without current limiting, a shorted load will probably:
a) produce zero load current

b) destroy diodes and transistors

c) have a load voltage equal to the Zener voltage

d) have too little load current
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37.

38.

39.

Simple current limiting produces too much heat in the:

a) Zener diode

b) load resistor
c) pass transistor
d) ambient air

With foldback current limiting, the load voltage approaches zero, and

the load current approaches:
a) a small value

b) infinity

c¢) the Zener current

d) a destructive level

If the load is shorted, the pass transistor has the least power

dissipation when the regulator has:
a) foldback limiting

b) low efficiency

¢) buck topology

d) a high Zener voltage

The input current to a shunt regulator is:

a) variable
b) constant
c) equal to load current

d) used to store energy in a magnetic field

An advantage of shunt regulation is:
a) built-in short-circuit protection

b) low power dissipation in the pass transistor

c) high efficiency
d) little wasted power

To get more output voltage from a step-down switching regulator, you

have to:

a) decrease the duty cycle

b) decrease the input voltage

c) increase the duty cycle

d) increase the switching frequency

A maintains a constant output voltage by controlling the

duty cycle of a switch in series with the load.

a) shunt regulator

b) linear regulator

c) series regulator

d) switching regulator

Switching regulators have

a) longer life

b) simper circuitry

c) a higher cost in all cases
d) greater efficiency
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40. In a step-up regulator, the output voltage is filtered with a:
a) choke-input filter
b) capacitor-input filter
c) diode
d) voltage divider

41. The 7800 - 12 produces a regulated output voltage of:
a) 3V
b) 4V
c) 12V
d) 40V

42. The 7800 series of voltage regulators produces an output voltage that
is:
a) positive
b) negative
c) either positive or negative
d) unregulated

43. Shunt regulators require:
a) shorted-load protection
b) load voltage sampling
c) high-frequency protection
d) open-load protection
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26. Answer: b Difficulty: 2 Section: 1
27. Answer: d Difficulty: 2 Section: 1
28. Answer: c¢ Difficulty: 2 Section: 2
29. Answer: b Difficulty: 2 Section: 2
30. Answer: a Difficulty: 2 Section: 2
31. Answer: b Difficulty: 2 Section: 2
32. Answer: ¢ Difficulty: 2 Section: 2
33. Answer: a Difficulty: 3 Section: 2
34. Answer: a Difficulty: 2 Section: 2
35. Answer: b Difficulty: 2 Section: 3
36. Answer: a Difficulty: 2 Section: 3
37. Answer: ¢ Difficulty: 3 Section: 4
38. Answer: d Difficulty: 2 Section: 4
39. Answer: d Difficulty: 2 Section: 4
40. Answer: b Difficulty: 2 Section: 4
41. Answer: c Difficulty: 2 Section: 5

42. Answer: a Difficulty: 2 Section: 4

43. Answer: b Difficulty: 2 Section: 3
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