tion, describe the Ly

ks seC
e Career Tacsl-state devices that would be

aussnoNS

ing th
frer reading t :
- :f career in the ared of soli

i ou. . )
most attraclive 10V~ L\ ¢ of the RICM? in the mate

I

3, How many crystals are used in t.he forming ; e
4' Describe forward bias as app%xcable to adix ) :

5: Describe reverseé bias as applicable to a di0 e.

6. Explain the zener effect.

7. Describe the relationship between Vz and'IZT. o
8. How many PN junctions are used in forming a transistor:

9, Name the three terminals of a transistor.

10. What are the main operation regions of a transistor?

11. Most transistors today are fabricated with what material
and what process?

12. What are the three transistor-circuit configurations?

13. What are the three key terms used to describe transistor
switches?

14. What is the symbol and name for the current that flows
when a transistor is in cutoff?

15. For atransistor not quite in saturation, the collector current
is a product of what two terms?

16. Name and define the two components of a transistor’s
turn-on transition.

17. Name and define the two components of a transistor’s
turn-off transition.

18, What factor has the most influence on the switching times
of a transistor?

fa PN junction?

19. Describe how transistors are connecteq in the
configuration. darling‘

20. Name two advantages and two disadvan, e
state relay compared to an e:lectromecm,’niC al re(; dy)

21. Describe transistor biasing. .

22, What are three rules of thumb in calculagj
in the four-resistor bias scheme?

23. Describe the operation of a transistor regulator

24. Describe the purpose of the zener diode in
shunt voltage regulator.

25. Differentiate between a series regulator and g ¢
ulator.

26. Describe the operation of a transistor inverter

27. What is the function of a DC-to-DC converter)

28. What are the advantages of a switching power Supply oy
a linear power supply?

29, In a full-bridge DC-to-DC converter, what happens t
waveform at the secondary AC of the transformer?

30. Describe how the depletion region in a JFET affectjs
operation.

31. Define the pinch-off voltage of the JFET. 1

32, Compare the three terminals of a BIT to the three temi |
nals of a MOSFET.

33. Describe the differences between the depletion-modeaf
the enhancement-mode MOSFET relative to dopinga
biasing.

34. What is the advantage of CMOS over bipolar technologl

a Serieg )

e

DATA SHEET QUESTIONS

1. Where is the polarity band located on the 1N4001 series

rectifiers?

2. At room temperature, what is the maximum reverse cur-

rent of a 1IN4001?

3. What is the nominal zener voltage range for the IN5333B
series zeners?

4. What is the derating factor for the power dissipation of the
IN5333B series zeners when the temperature is above
75°C?

S. What is the maximum surge current of a 1N5334B?

6. What is the nominal zener voltage for a IN5338B?

7. What is the maximum operating junction tempf?m‘”rem
the P2N2222A7?
8. What is terminal 2 of the P2N2222A called?
9. What is the maximum collector cutoff cv
P2N2222A at room temperature?
10. What is the minimum DC current gain ©
in saturation with a collector current 0f N‘ZZZZA‘K
11, What is the minimum DC current gain > theurrem of
erating in the active region with collector © pZNZﬂ:A
12. What is the maximum storage time °
when it is used as a switch? {

rrent O

£ e P
9

PROBLEMS

1. Calculate the value of Ry in Figure 3-48.

2. Calculate the collector current of a transistor in Figure
3-4? with a gain of 75 when (a) it’s not quite in saturation
(u'smg the base current shown), and (b) it’s in saturation
with a saturation voltage of 0.2 volt.

/ |
o |

_ egansisfor A
3. Redraw Figures 3-16(a) and ()% ngl Tﬂcrosewﬂjﬂ“ﬁg Py
Figure 3-13 when the input pulse sawrat® mfiswrﬂff '

4. What s the base current necessi™ 2 luch s’
ton configuration in Figure 3-17 r“;sistor is33

|
|
a current gain of 75 and the 10 |

'\
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FIGURE 348 Problem 1

20V

FIGURE 349 Prablem 2

FIGURE 3-50 Problem 5

5. Analyze the four-resistor biased BJT amplifier in Figure
3-50 and determine the following: I, Ig. I, V. and V.

+12V
51OQ
02ma
& /\/\, 1

VR1 is an IN5349B.

Rs

heggving = 100

the design has an hg of 150. Calculate the new operating
point V. for the transistors with the higher hyg.

6. Design a BJT common-emitter amplifier with a four- 8. Determine the minirlnur;l hy, for ((122 i?F;%;r;l z-fell ;; tlgzlu
Q2 will turn completely on and actival ,
;T“S]ZS(;ofr b, ccznfliu m:zrfl ]z‘sflse[?;clu(;gha‘l;in :n(:xfzilr: whose coil needs 500 mA to energize with an hgg for Q1
or an input voltag s g
sistance less Y . _ o

:;:815[23”03 . thamDSCkQ or S(L)xmplmfz)erl\/ ,and an 9, How much voltage is dropped across Q1 in Flgure 3-27

h iy f 150'(()9’ By e «“ with a 5.1-V zener and a 10-V unregulated DC input?
“ : i ross R2 in Figure 3-28

7. The amplifier designed in Problem 5 used a transistor with 10. How much voltage is dropped ac g

an hy of 100, The batch of transistors used to manufacture

Solid-State Devices in Industrial Applications

with a 5.1-V zener and a 10-V unregulated DC input?
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ithit i rovide the COMPITty s wees=--
® Monolithic devices p. ! -
tation amplifier function, fully specnﬁed, usually fac

tory trimmed, and often to a higher DC precision than
discrete designs can.

4-14 Current-Differencing Amplif.iers
8 The current-differencing amplifier (CDA), or Norton

amplifier, responds to a differential current.

vavengig, ey |
LT
Op.,

4-15 Troubleshooting Op-Amp A
® Malfunctions can be categorizeq g
low output signal, or distorted oy
B The first step in troubleshooting 0
that the circuit is wired correctly,

fpuy
ut signalfut gy

S15 g Veﬂﬁ

QUESTIONS

1. After reading the Career Tasks section, describe the type
of career in the area of operational amplifiers that would
be most attractive to you.

2. What were two problems with the first manufactured

solid-state monolithic operational amplifier?

Define the input offset current of an op-amp.

Define the output short-circuit current of an op-amp.

Define the slew rate of an op-amp.

Describe crosstalk.

What is a DIP?

Why is using the op-amp in the open-loop mode impracti-

cal in industrial applications?

9. What is negative feedback?

10. In industry, how are the power inputs of an op-amp han-
dled on design schematics?

o v s

L

11. Describe when the output of an op-amp becomes clipped.
12. In an inverting op-amp, what input is a virtual ground?

13. How can an inverting op-amp’s output offset be partially
eliminated?

14. Compare and contrast the formulas for the gain of an in-
verting op-amp and the gain of a noninverting op-amp.

15. What is a summing amplifier?

16. What is a differential amplifier?

17. Compare and contrast a voltage-to-current converter with
a current-to-voltage converter.

18. What op-amp configuration’s output is proportional to the
length of time that the input is present?

19. What op-amp configuration functions as a switch?

—

20. Describe the term window as it is useq i 2 Wing,
21. What is an electronic filter? owd%q
22. What are the rules for determining the freque

low- and high-pass filters? ey Tange
23. What are the rules for selecting components

in active filter design?
24. Define the cutoff frequency of a filter.
25. Define the roll-off of a filter.

26. What are the roll-off characteristics of a second-order filin

27. What filter design would you use if a very fla fequey |
response within the pass-band is needed? ¥

28. Describe a Bode plot.
29. Describe a bandpass filter.

and Qp.a].ﬁpS

30. How would you construct a bandpass filter?

31. What is the formula for Q of a bandpass filter?

32. In general, what is the Q for a wideband filter?

33. Compare a band-elimination filter to a notch filter.

34. How would you construct a band-elimination filter’

35. What is the purpose of an instrumentation amplifier’

36. How is the gain set on an instrumentation amplifie’

37. Describe mirror current as it applies to a CDA.

38. Explain the relationship between the reactance of the o
pling capacitor and the resistance of the input resistoriné
CDA circuit.

39, Describe the relationship between the DC andAC oup®
of an inverting CDA circuit. .

40. Explain why it is important to verify circuit C‘f“““nom
first when troubleshooting an op-amp circuit il

/

DATA SHEET QUESTIONS
1. What is the typical input offset voltage of the MC34071A
op-amp?
2. What s the minimum slew rate of the MC34071A op-amp?

3. What is the typical channel separation lev
el of
MC34071A op-amp? the

What is the maximum input voltage
MC34071A op-amp? ge range of the

212 Chapter 4

; g of
5. What is the maximum output saturation Vogfg,,
han U™

LM119 comparator at temperatures less t o
6. What is the typical response time of the LMI1 coe Wl
7. What is the characteristic that distinguishes
from the LM219 comparator? jecti
8. What instrumentation amplifier would you S‘i/?
of 1 was needed and the power supply 18



A
Sh‘

9, What is the part number of a dug] INA3?2

amplifier? Zinstrumentation  1q, zvhat Wwould be the maximum output voltage swing for an
10. What s the typical slew rate for a unity gain LM359 CDA? 12, W]\g:j 19s (t:liﬁlrpose of the I
— on an LM359 CDA? serayy and gy our, terminals
PROBLEMS
1. Calculate the closed-loop gain and output voltage of the 8.

inverting op-amp circuit in Figure 4-45,

Using the gain in Problem 1, what is the maximum input
voltage swing needed to avoid a clipped output?
Calculate Ry in Figure 4-45,

Calculate the closed-loop gain and output voltage of the
noninverting op-amp circuit in Figure 4-46,

. Calculate the output voltage of the summing amplifier

circuit in Figure 4-47 with V, = —1.2, V,= 405V,
and V4= —2.8 V.

. Refer to Problem 5. If V, and V; remain the same, what is

the value of V, to have an output voltage of +1.5 V?

. Calculate the value of the feedback resistor for an output

voltage of —7.5 V for the differential amplifier in Figure
4-12 when all other resistors are equal to 10 kS, and
Vi=19VandV, =24V,

510 kQ

AAY

10 kQ

U1 —o0 Vour

Rs

VCC= +12V8ndVEE =—-12V

FIGURE 445 Op-amp circuit for Problems 1-3

Vjy = AC input = 500 mv

FIBURE 448 (Op-amp circuit for Problem 4

Dpa"Bt‘iﬂnal Amnblifiers and Linear ICs

11.

12,

13.

Refer to Figure 4-15(a). Calculate the maximum value of
Vour fora Vi thatis a 2-kHz square wave witha +1.8-V
amplitude.

Draw the input and output waveforms for Problem 8.

Calculate Vyy in Figure 4-17 if R1 = 1.5 kQ and C1 =
0.0047 uF, and if Vyy is a ramp input that goes from —5 V
t0 +5 Vin 100 us.

Calculate the response time of an LM119 comparator in
Vlus. Contrast it with the typical slew rate of an
MC34071A op-amp.

For the CDA inverting amplifier in Figure 4-48, calculate
the bias current and the AC gain.

Using the results of Problem 12, calculate the DC and the
AC output voltage.

22 kQ

W
Ut —o Vo1
+

4 kQ

FIGURE 4-47 Op-amp circuit for Problems 5 and 6

VINO_—il——_/\/\F -

Rr = 500 kQ

A~

0.2 VPP 8.6 uF 50kQ L% U1 VOUT
t1kH :

a

i +

Rs
21 MQ
+12V
FIGURE 4-48 CDA circuit for Problems 12 and 13
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