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AbstractSedra/Smith 7ed e-book Ask the publishers to restore access to 500,000+ books. THE OXFORD SERIES IN ELECTRICAL AND COMPUTER ENGINEERINGAdelS.Sedra, Series Editor H EDITION Allen and H 10,448 3,099 44MB Read more Ask the publishers to restore access to 500,000+ books. Download & View Microelectronic
Circuits 6th Edition Sedra Smith as PDF for free PART I Devices and Basic Circuits CHAPTER 1 Signals and Amplifiers 4 CHAPTER 2 Operational Amplifiers 52 CHAPTER 3 Semiconductors 124 CHAPTER 4 Diodes 164 CHAPTER 5 MOS Field-Effect Transistors (MOSFETs) CHAPTER 6 Bipolar Junction Transistors (BJTs) 350 230 P art I, Devices and
Basic Circuits, includes the most fundamental and essential topics for the study of electronic circuits. At the same time, it constitutes a complete package for a first course on the subject. The heart of Part I is the study of the three basic semiconductor devices: the diode (Chapter 4); the MOS transistor (Chapter 5); and the bipolar transistor (Chapter
6). In each case, we study the device operation, its characterization, and its basic circuit applications. For those who have not had a prior course on device physics, Chapter 3 provides an overview of semiconductor concepts at a level sufficient for the study of electronic circuits. A review of Chapter 3 should prove useful even for those with prior
knowledge of semiconductors. Since the purpose of electronic circuits is the processing of signals, an understanding is essential of signals, their characterization in the time and frequency domains, and their analog and digital representations. This is provided in Chapter 1, which also introduces the most common signal-processing function,
amplification, and the characterization and types of amplifiers. Besides diodes and transistors, the basic electronic devices, the op amp is studied in Part I. Although not an electronic device in the most fundamental sense, the op amp is commercially available as an integrated circuit (IC) package and has well-defined terminal characteristics. Thus,
despite the fact that the op amp’s internal circuit is complex, typically incorporating 20 or more transistors, its almost-ideal terminal behavior makes it possible to treat the op amp as a circuit element and to use it in the design of powerful circuits, as we do in Chapter 2, without any knowledge of its internal construction. We should mention, however,
that the study of op amps can be delayed to a later point, and Chapter 2 can be skipped with no loss of continuity. The foundation of this book, and of any electronics course, is the study of the two transistor types in use today: the MOS transistor in Chapter 5 and the bipolar transistor in Chapter 6. These two chapters have been written to be
completely independent of one another and thus can be studied in either order as desired. Furthermore, the two chapters have the same structure, making it easier and faster to study the second device, as well as to draw comparisons between the two device types. After the study of Part I, the reader will be fully prepared to undertake the study of
either integrated-circuit amplifiers in Part II or digital integrated circuits in Part III. 3 CHAPTER 1 Signals and Amplifiers Introduction 5 1.5 Circuit Models for Amplifiers 21 1.1 Signals 6 1.6 Frequency Response of Amplifiers 30 1.2 Frequency Spectrum of Signals 9 Summary 41 1.3 Analog and Digital Signals 11 Problems 42 1.4 Amplifiers 14 IN
THIS CHAPTER YOU WILL LEARN 1. That electronic circuits process signals, and thus understanding electrical signals is essential to appreciating the material in this book. 2. The Thévenin and Norton representations of signal sources. 3. The representation of a signal as the sum of sine waves. 4. The analog and digital representations of a signal. 5.
The most basic and pervasive signal-processing function: signal amplification, and correspondingly, the signal amplifier. 6. How amplifiers are characterized (modeled) as circuit building blocks independent of their internal circuitry. 7. How the frequency response of an amplifier is measured, and how it is calculated, especially in the simple but
common case of a single-timeconstant (STC) type response. Introduction !"#$%&'(#)*$+,$*"-%$'++.$-%$/+0# 12 # 3#)*1+2-)%4$5$,-#30$*"5*¥$"5%$) +/# $*¥+$'#$.24+62$5%$!"#$%& "'('#)$%*"#+7, -"#$%'('#)$%*"#+$ 1#,#1%$ *+$ *"#3$ -2¥#815*#09)-1)&-*$ :;;4$58!"#$%/$%#'++%$7 ;2$*"-%$'++.$6#$%"533$%*&0>$#3#)*1+2-)$0#E-
V#%$*"5%$)52$" #$&%#0$%-283>$:-2$* " #$0#%-82$+,$1"+& #$')', #"$#0")+=$ +1$ 5%$ )+/?+2#2*%$ +,$ 52 "¥)'2$3)'11&#"$#0")$ 4567$ )"-?7$ F#$ %"533$ %*&0>$ *"# 0#%-82$520$5253>%-%S$+,$-2%#1)+22#)*-+2%$+,$*" #%# $0#E-)#%4$6"-)"$,+1/$0-%) 1 #*#$520$-2*#815*#0 )-1)&-*%$+,$E51>-28$)+/?3#D-*>$520$?#1,+1/$5$6-
O#$ES1-#*>$+,8,&2)%+2%7$F#$%"533$53%+$3#512 5'+&*$5E5-35'3#$; #0$-2$% &' % #G*$)"5?7*#1%$-2$*" #$0# %-82$520$5253>%-%$ +,$5)*&53$5/?3-,-#13$)-1)&-*%7 5 6 Chapter 1 Signals and Amplifiers ;2$500-*-+2$*+$/+*-E5*-28$*" #$%*&0>$+,$#3#)*1 +2-)%4$*"-%$)"5?*# 1$% # 1E#%$5%$5$'1-08#$ ' #*6# #2 *"#$%*&0>$+,$3-
2#51%$)-1)&*%$520$*"5*$+,$*" #$% &' (#)*$+,$*"-%$'++ . H$*" #$0#%-82$520$5253>%-%$+, #3#)*1+2-)$)-1)&-*%7 1.1 Signals 1-8253%$)+2*5-2$-2,+1/5*-+2$5'+&*$5$ES 1 -#*>$+,$*"-28%$520$5)*-E-*-#%$-2$+&1$?">%-)53$6+1307 JD5/?3#%$5'+&20HS$;2,+1/5%-4+2$5'+ &*$*"# $6# 5+ " #1$-%$)+2*5-2#0$-2$%-8253%$*"5*$ 1 # 21 # % #2*¥$*"# 5-
1$*#/?#15*%& 1 #4$?1# %% &1 #4$6-20$%?##04$#*)7$!"#$E+-)#$+,$5$150-+$522+&2)#1$1#50-28$*"#$2#6% -2¥+$5$/-)1 +?"+2#$?1+E-0#%$52$5) +&%*-)$%-8253$*"5*$)+2*5-2%$-2,4+1/5*-4+2$5'+&*$6+130%$5,,5-1%7 !+ $/+2-%+ 1 $*¥" #$%*5*&%$+,$5$2&)3#51$ 1 #5)¥+14$-2%*1 &/#2*%$51 #$ &% #0$*+$/#5% &1 #$5$/&3*-*&0#$ +,
1#3#EL2*$?515/#*#1%4$#5)"$-2%*1 &/#2*$?1 +0&)-28$5$%-82537 1+$ #D*15)*$ 1#G&-1#0$ -2,+1/5%-+2$ ,1+/$ 5$ %#*$ +,$ %-8253%4$ *"#$ +'%#1E#1$ :'#$ -*$ 5$ "&/52$ +1$ 5 /5)"-2#=$-2E51-5'3>$2##0%$*+$/$%# '+ +$*¥"#$%-8253%$-2$%+/#$? 1 #0#*#1/-2#0$/522#17$!"-%$+"2*3( /$%#'++"*2$-%$ &% &533>$/+%*$) + 2E#2-
#2¥3>$?#1,+1/#0$'>$#3# )1 +2-)$%>%*#/%7$K+1$*"-%$*+$' #$?+%%-9 '3#4$"+6H#HEH#14$*"#$%-8253%$/&%*$,-1%*$' #$)+ 2E# 1¥#0$-2*%+$52$#3#)*1-)53$%-82534$*"5*$-%4$5$E+3*58#$+1$5 )& 1 1#2*¥7$!"-%$?1+)#%%$-%$5))+/?3-%"#0$'>$0#E-) #%$.2+62$5%$)$3*¥+10#'$+7, L$ES1-#*>$+,$*¥152%9 0&)#1%$#D-%*4$#5)"$% &-
*5'3#$,+1$+2#8+,$*¥" #$ES51-+&%$,+1/%$+,$?">%-)53$%-8253%7$K+1$-2%*52) #4$*"# %+&20$65E#%$8#2#15%#0$'>$5$"&/52$)52$'#$)+2E# 1*¥#0$-2*¥+$#3#)*1-)53$%-8253%%$'>$&%-28$5$/-)1+9 ?"+2#4$6"-)"$-%$-2$#,, #)*$5$? 1 #% % &1 #$*¥152%0&) #17$;*¥$-%$2+*$ + &1$?&1?+ % #$" #1 #$*¥+$%*&0>$*152%0&) #1%M
15*"#14$6#$%"533$5%%&/# $*"5*$*" #$%-8253%$ +,$-2*# 1 #%*$531#50>$#D-%*$-2$*"#$#3#)*1-)53$0+/5-2$520 1#? 1 #%#2*¥$*¥"#/$'>$+2#$+,$*" #$*6+ $#G&-ES3#2*$,4+1/%$%"+62$-2$K-87$@7@7$;2$K-87$@7@:5=$*"#$%-8253%$-% 1#?1 #%#2*#0$'>$5$E+3*58#$%+&1)#$v!:"=$"5E-28$5$%+&1)#$1#%-
%*52)#$H#1T$; 28" #$53*# 125 #$ 1 #?2 1 #%#2*59 *-+2$4+,$K-87$@7©@:'=$*"#$%-8253$-%$ 1 #? 1 #%#2*#0$'>$5$) &1 1 #2*$%+&1)#$$!:"=$"5E-28$5$%+ & 1) #$1#%-%*52)# #17$L3*"+&8"$*"#$* 6+ $1#?1 #%#2*¥5%-+2%$51 #$#G&-ES53#2*4$*"'5*%$-2¢K-87$@7@:5=$:.2+62$5%$*"#$!"NE#2-2 ,+1/=$ -%$ ?1#,#11#0$ 6"#2$ #!$ -%$ 3+67$ !"#$
1#21#%#2*5*-42$ +,$ K-87$ @7@:'=$ :.24+62$ 5%$ *"#$ O+1%4+2 ,+1/=$-%$?1#,#11#0$6"#2$#!$-%$"-8"7$!"#$1#50#1$6-33$)+/#$*+$5??21 #)-5F#$*"-%$?+-2%$ 35 # 1 $-2$*"-% )"527*#1$6" #2$6#$%*&0>$*"#$0-,, # 1 #2*¥$*>?#%$+,$5/?3-,-# 1% 7K+ 1 $*" # $*-/#$'#-284$-*$-%$-/? + 1*52*$*+ '#$,5/-3-51$6-*"$!"NE#2-

2P%$520$0+ 1%+ 2P%S$*"#+1#/%$:, +1$5$'1-#,$ 1 #E-#64$%# #$L2?#20-D$Q=$520$*+ 2+*#$*"5*$ + 1$*"#$*6+$1# 21 #%#2*¥5*-+2%$-2$K-87$@7@$*+$'# S #G&-ES3#2*¥4$*"#-1$?515/#*# 1%$51#$1#35%#0$'> v! (") = #! $! (") Rsvs(t) " ! (a) is(t) Rs (b) Figure 1.1 16+ $53*# 125 E#$1#?1 #%#2*¥5*+2%$ +,
5$%-8253$%+&1)#H,437$*"#$!"NE#2-2$,+1/M$487$*"# O+1*+2$,+1/7 Example 1.1 "#$+&F?&*$1#%-%*52)#$+,$5$%-8253$%+& 1) #4$53*" +&8"$-2#E-*5'3#4$-%$52$-/?# 1, #)*-+2$*"5%$3-/-*%$*¥"#$5'-3-*>$+,$*"# %+ &1)#$*¥+$0#3-E#1$-*%$,&33$%-8253$%*1 #28*"$*¥+$5$(%317$! +$ % # #$*"-%$?
+-2%$/+1#$)3#513>4$)+2%-0#1$*"#$%-8253$%+&1)# 6"#2$)+22#)*#0$*+$5$3+50$1#%-%*52)#$#%$5%$%"+62$-2$K-87$@7B7$K+1$*"#$)5%#$-2$6"-)"$*"#$%+ & 1) #$-%$ 1 #? 1 #%#2*#0 1.1 Signals '>$-*%$!"NE#2-2$#G&-ES3#2*$,+1/4$,-20$*"#$E+3*58#$v&$*"5*$5?2?2#51%$5) 1 +%%$# %4 $520$ " #2) # $*"#$) +20-*-+2$*"5*$ #
[&%*$%5%-%,>$,+1$ v&S$*+$'#$)3+%#$*+$*" #$ES33&#$+,$ VITSR#?#5*$, +1$*" #$O+1*¥+ 291 #?2 1 #%#2*#0$%+ & 1) #MS$-2$*"-%3$)5%# ,-20-28$*"#$)& 11 #2*¥$$&$*"5*$,3+6%$*" 1 +&8"$#%$520$"#2) #$*"#$)+20-*-+2$*" 5§ #1$/&%*$%5*-%,>$,+1$$ &$*+$'#$)3+ % # $*+ *"#$ES33&#$+,$$!7 Rsio "vs " ! RLvo is Rs RL ! (a) (b) Figure 1.2
$#1$520$#%4 #% 9 v & " v !199999999999999999 #% ! #! K1+/$*"-%$#C&E*-+2$6# $%# #$*¥"5*$,+1 v& | vI ¥ #$%+&1)#$1#%-%*52) #$#!$/&%*$' #$/&)"$3+06#1$*" D28 " #$3+508 1 #%-%*D2) #$#%4$ #! # #% 1"&%4$,+1$53%+& 1) #$1H#? 1 #%#2*¥#0$'>$-*%$ ! "NE#2-2$ #G&-ES3#2*4$-0#533>$#!1$S$A4$52085%$ #!1$-%$-2) 1 #5%#04$1 # 35*-
E#$*+ *"#$34+50$1#%-%*52)#$#%$6-¥"$6"-)"$*"-%$%+ & 1) #$-%$-2*¥#20#0$*+ $+?# 1 S*#A$*" #$E+3*58# $v&$*"5*$5??#51%$5) 1+ %% $*"# 3+50$'#)+/#%$%/533#14$2+*$5$0#%-15'3#$+&*)+/#7 O#D*4$6#$)+2%-0#1$*¥"#$0+1*+291#?1#%#2*¥#0$%-8253$%+ &1)#$-2$K-87$@7B:'=7$! +$+"*5-2¢*"#$) &1 1 #2*$$ &$*"5*$,3+6%

14+ &8"$*" #$34+50$1#%-%*52)#$#%A$6H# $&F-3-T#S*" #$15%+$+,$*" #$)&11#2*$0-E-0#13$,+1/#0$'>$#!1$520$#%4 #! 9 $ & $ " $ ! 99999999999999999 #! | #% K1+/$*"-%$1#35%-4+2%"-?$6#$%##$*+"5%$,+1 $& | $! *"#$%+&1)#$1#%-%*52)#$#!$/&%*$'#$/&)"$3518# 1$*"5*$#%4 #! $ #% 1"&%$,+1$5$%-8253$%+&1)#$1#7?
1#%#2*%#0$'>$-*%$0+1*+2$ #G&-ES3#2%4$-0#533>$#!$S$04$520$5%$#!$-%$ 1 #0&)#04$ 1 #35%-EH# *+$*"#$3+50$1#%-%*52) #$#%$6-*"$6"-)"$*"-%$ %+ &1)#$-%S$-2*#20#0$*+$+?# 1 5*#4$*"#$) &1 1 #2*$$ &$*"5%$,3+6%$*" 1 +&8"$*"# 3+50$'#)+/#%$%/533#14$2+*$5$0#%-15'3#$+&*)+/#7 K-2533>4$6# $2+*# $*"5*$53*" +&8"$)-1)&-
*$0#%-82#1%$)522+*$&%&533>$0+$/&)"$5'+ &*$*" #$ES33&#$+,$ #IMS*¥"'#>$/5> "SE#$*+$0H#E-%#$5$)-1)&-*$%+3&*-+2$*"5%§/-2-/-T#%$+1$#3-/- 25 # % $*" #$3+%%$+,$%-8253$%* 1 #28*"$*"5*$ 1 #%E&3*%$6"#2 *"#$%+&1)#$-%$)+22#)*#0$*+$*"#$3+507 7 8 Chapter 1 Signals and Amplifiers EXERCISES 1.1$

K+1$*"#$%-82539%+& 1) #$ 1 #?21 #%#2*¥5*%+2%$%"+62$-2$K-8%7$@7@:5=$520$@7@:'=4$6"5*$5 1 #$*¥"#$+?#29)-1) &-* +&*?&*$E+3*¥58#%$*"5*$6+&30$'#$+'%# 1E#0X$;,4$, +1$#5)"A$*" #$+ &X?&*$*¥#1/-253%$51 #$%"+1*9)-1)&-*#0$:-7#74 6-1#0$*+8#*"#1=4$6"5*$)&11#2*$6+&30$,3+6X$K+1$*" #$1 # 21 #%#2*¥5%-+2%$*+$'#$# G &-
ES3#2*4$6"5%$/&%*$*" #$1#9 35%-+2%"-?$'#$'#* 6 # #2$v!4$$!14$520$#!X Ans. K+1$:5=4$v&'$S$v!:"=M$,+1$:'=4$v&'$S$#!$1:"=M$,+1$:5=4$ $ "' =v ! (" )/ # | M$,+1$:'=4$$!'$S$$!:"=M$,+1$#G&-E53#2)>4 v!:"=$S$#!$!:"= 1.2 L$%-8253$%+&1)#$"5%$52$+?#29)-1)&-*$E+3*58#$+,$@A$/Y$520$5$%"+1*9)-1)&-

*$)&11#2*%$+, $@ASNL7SF"5*$-%$*" # % +&1)#$1#%-%*52)#X Ans. @$.Q 1.3 L$%-8253$%+&1)#$*"5*$-%$/+%*$)+ 2E#2-#2*¥3>$ 1 #?2 1 # % #2*#0$'>$-*%$ ! "NE#2-2$ #G&-ES53#2*$"5%$vI$SS@AS$/Y$520 #!$S$@$.Q73;,$*" #$%+&1)#$, ##0%$5$3+50$1 #%-%*52) #$#%4$,-20$*" #$E+3*58#$v&$*"5*$5??#51%$5) 1+ %% $*"#$3+50%,+1
#%$S$@AA$.Q4$@A$.Q4$@%$.Q4$520$@AAS$QT7$L3%+4$,-20$* " #$3+6#%*$?#1/-%%-'3#$ES33&#$+,$ #%$,+1$6"-)"$*"# +&*?&*$SE+3*58#$-%$5*$3#5%*$ZA[$+,$*" #$%+&1)#SE+3*58#7 Ans. \7\$/YM$\7@$/YMS$1$/YMSA7\$/YM$ " $.Q 1.4 L.$%-8253$%+& 1) #$*"5%$-%$/+%*$)+2E#2-#2*¥3>$ 1 #?2 1 #%#2*#0$'>$-*%$0+ 1*+2$ #G&-
ES53#2*$,+1/$"5%$ $!$SS@ASUL 520$#!$S$S@AAS$.Q7$;,$*" #$%+&1)#$,##0%$5$3+50$1#%-%*52)#$#%4$,-20$*"#$)& 1 1 #2*¥$$&$*"5%$,3+6%$*" 1+ &8"$*¥"#$3+50 ,+1$#%$S$@$.Q4$@A$.Q4$@AA$.Q4$5203@$ Q7$L3%+4$,-20$*"#$3518#%*$?#1/-%%-'3#$ES33&#$+,$#%S$,+1$6"-)"$*"# 3+50$)&11#2*$-

%$5*$3H#5%*SZA[S$+,$*" #$%+&1)#$)&11#2*7 Ans. #$#%n&'%#$(%n&'%)%n&'%*$#%n&'%+)%,Q K1 +/$*¥"#$0-%) &% %-+2$5'+ E#4$-*$%" +&30$' #$5??251 #2*$*"5%$5$%-8253$-%$5$*-/#9ES51>-28$G&52*-*>$*" 5% )52 ' # 1 #?1 #%#2*¥#0$'>$5$815?"$%&)"$5%$*"5%$%"+62$-2$K-87$@7U7$;2$,5)*4A$*"#$-2,+1/5%-4+2$) + 2* #2*¥§+, *"#$%-8253$-
%$1# 21 #%#2%#0$' >$*"#3$)"528#%$-2$-*%$/582-*&0# $5%$*-/#$?1+81 # %% # %M$*"5*$-%4$*"#$-2,4+1/5%-4+2 -%$)+2*5-2#0$-2$*"#$V6-883#%W$-2$*"#$%-8253$65E#,+1/7$;2$8#2#1534$%8&)"$65E#,+1/%$51#$0-,,-)&3*$*+ )"515)*# 1-T#$/5*"#/5*%-)533>7$;2$+*¥"#1$6+10%4$-*$-%$2 +*$ #5%>$*+$0# %) 1-' #$%&))-2)*3>$52$51"'-*151>9
3++.-28$65E#,+1/$%&)"$5%$*"5*$+,$K-87$@7U7$C,$)+&1%#4$%&)"$5$0# %) 1-7*-4+2$-%$+,$81 #5%$-/?+1*¥52) #$,+1 *"#$?&1?+%#$+,$0#%-82-28$5??1+?1-5%#$%-82539?14+) #%%-28%$)-1) &-*%$*"5*¥$?#1,+ 1/$0#%-1#09$,&2)*-+2%$+2 *"#$8-E#2$%-82537$L2$#,,#)*E#$5??1+5)"$*+$%-8253$)"515)*# 1-T5*-4+2$-%$%*&0-
#0$-2$*"#$2#D*$%#)*-+27 Figure 1.3 L2$51'-*151>$E+3*58#$%-8253$v! :"=7 1.2 Frequency Spectrum of Signals 9 1.2 Frequency Spectrum of Signals L2$#D*1#/#3>$&%#,&3$)"515)*#1-T5*-+2$+,$5$%-82534$520%,+1$*"5*$/5% #1$+,$52>$51'-*151>$,&2)*-+2 +,$ *-/#4$ -%$ -2$ *#1/%$ +,$ -*%$ 9$":0*#;, +/'#)$0!7$ 1&)"$ 5$ 0#%)1-2*-
+2$ +,$ %-8253%$ -%$ +'*5-2#0 *"1+&8"$*"#$/5*"#/5*%-)53$*++3%$+,$%-%4$0#%-824$520$*¥#%*-28%+,$#3#)*14+2-)$)-1)&*%T7$!"#1#,+ 1#4$6#$%"533$'1-#,3>$ 1 H#E-#6$*"# ?1+?# 1% #%$+,$*" #$%-2&%+-07 K-8&1#$@7 " $%"+6%$5$%-2#965E# $E+3*58#$%-8253$v(:"=4 v ( (") =) (%2 w " -($(. 6"#1#$)($O#2+F#%$*"#$7?
#5.$E533&#$+1$5/?3-*&0#$-2$E+3%%$520 w 0#2+*#%$*"#$528&351$,1#G)>$-2 150-52%$?#1$%#)+20M$*"5*%$-%4$ w = B * 150" %4$6"# 1 #$*+$-%$*"#$,1#G)>$-2$"#1*¥T4$ * S @,$ aT4$520 ,$-%$*"#$?#1-+0$-2$%#)+20%7 "#$%-2#965E#$%-8253%$-%$)+/?3#*#3>$)"515)*#1-T#0$'>$-*%$?#5.$E533&#$)( 4$-*%$,1#G)>$ wd 520%-
*%$?" 5% H$6-F"$1H%?# ) $ +$52$51'-*151>$1#, #1#2)#$*-/#T$;2$*" #$)5%#$0#?-)*#0$-2$K-87$@7 ~4$*"# *-/#$+1-8-2$"5%S$'##2$)"+%#2$%+$*"5*$*"#$?"'5%# $5283#$-%$AT7$;*$%" +&30$' # $/#2*-+ 2 #0$*"5*$-*$-%$)+/9 /+2$*+$#D? 1 #%%$*" #$5/?3-*&0#$+,$5$%-2#965E#$%-8253$-2$*#1/%$+,$-*%$ 1+ +*9/#529%G&51#$:1/%= E53$6"-
)'$-%$#G&S3$*F+$*" #$?#5.$E533&#$0-E-0#0$'>$ B7$!"&%$*"#$1/%$ES33&#$+,$*"#$%-2&%+-0$v(:"= +,$K-87$@7 " $-%$)(/ B7$K+1$-2%*52) #4$6"#2$6#$%?#5.$+,$*"#$6533$?+6#1$%&??3>$-2$+&1$"+/#%$5% '#-28$ @BASYA$6#$/#52$*"5*$-¥$"5%$5$%-2#$65E#,+1/$+,$ @BA B $E+3*%%$?#5.$E53$ R#*&12-28$2+6$*+$*"#$1#7?
1#%#2%5*%+28+,$%-8253%$5%$*" #$%&/$+,$%-2&%+-0%4A$6# $2+*# $*"5*$*" # K+ &9 1-#1$%# 1-#%$-%$&*-3-T#0$*+$5))+/?3-%"$*"-%$*5%.$, + 1 $*"#$%?#)-53$)5%# $+,$5$%-8253$*"5%$-%$5$?#1-+0-)$,&2)9 *-+2$+,$*-/#TSC2$* " #$+*"#1$"5204$*" # K+ &1-#1$*152%,+1/$-%$/+1#$8#2#153$520$)52$' #$ &% #0$*+$+'*5-2
*#S,1H#G)>$%?#)*1&/$+,$5$%-8253$6"+% #$65E#,+1/$-%$52$51'-*151>$,&2)%-+2$+, *-/#7 "#$K+&1-#1$%#1-#%$533+6%$&%$*+$#D? 1 #%%S$5$8-E#2$?#1-4+0-)$,&2)*+28+,$*-/#$5%$*"#$%&/$+,$52 -2,-2-*#$2&/ #1$+,$%-2&%+-0%$6"+%#$,1 #G)-#%$51#$"51/4+2-)533>$ 1 #35*#07$K+1$-2%*52) #4$*"# %>//#*1-
)53$%G&51#965E#$%-8253$-2$K-87$@71$)52$' #$#D?1#%%#0$5%$ ~) v (") = 9999999 :%-2 w A" + @99U9 %2 UwA" + @99]9 %-2 Jw A" + 7$7$7 = $ 1 -($+. Figure 1.4 I-2#965E#$ E+3*58#$ %-8253$ +, 5/?3-*&0#$)($520%,1#G)>$$*S @, aT7$!"# 528&351$,1#G)>$ w " Bu * $150" %7 @ !"#$1#50#1$6"+$"5%$2+*$>#*$%*&0-

#HOS* " #H%H#$*+7?-)%$%" +&30$2+*$'#$5351/#07$0+$0#*5-3#0$5??3-)5*-+2$+,$*"-%$ /5*#1-53$6-33$'#$/50#$&2*-3$-28$#513>$?51*%$+,$*"-%$'++.7 10 Chapter 1 Signals and Amplifiers Figure 1.5 L$%>//#*1-)53$%G&51#965E#$%-8253$+,$5/?3-*&0#$)7 6"#1#$)$-%$*"#$5/?3-*&0#$+,$*" #$%G&51 #$65E#$520%w A $S$B 11/, $:,$-
%$*F"#$?#1-+0$+,$*" #$%G&51# 65E#=$ -%$ )533#0$ *"#$ 90*13!'"%)3(, 9$":0"*#;7$ O+*#$ *"5*§ '#)5&%#$ *"#$ 5/?3-%*&0#%$ +,$ *"# "51/+2-)%$ ?1+81#%%-E#3>$ 0#)1#5%H#HA$ *"#$ -2,-2-%#$ %#1-#%$ )52$ '#$ *1&2)5*#04$ 6-*"$ *"#$ *1&2)5*#0 %#1-#%$?1+E-0-28$52$5??1+D-/5*+2$*¥+$*" #$%G&5 1 #$65E#,+1/7
1"#$%-2&%+-0538)+/?+2#2%%$-2$*¥" #$%# 1-#%$+,$]G7$:@7B=$) +2%* - *&F # $*"#$, 1 #G)>$%?#)* 1 &/$+, *"#$%G&51#965E#$%-82537$1&)"$5$%?#)*1&/$)52$'#$815?"-)533>$1#?1#%#2*¥#0$5%$-2$K-87$@7b4$6"#1# *"#$"+1-T+2*¥53$5D-%$ 1 #? 1 #%#2*%$*"#$528&351$,1#G)>$w$-2$150-52%$?#1$%#)+207$ "#$ K+ &1-#1$
*152%,+1/$ )528$ '#$ 5??3-#0$ *+$ 5$ 24+2?#1-4+0-)$ ,&2)*+2$ +,$ */#43$ %&)"$ 5%$ *"5* 0#?-)*#0$-2$K-87$@7U4$520$? 1 +E-0#%$-*%$, 1 #G)>$%?#)*1 &/$5%$5$) +2*-2&+ &%$, &2)*-+2$+,$,1#9 G)>4$5%$-20-)5*#0$-2$K-87$@7c7$d23-. #$*"#$)5%#$+,$?#1-+0-)$%-8253%4$6" # 1 #$*+"#$%?#)*1 &/$)+29 %-%*%$+,$0-%) 1 #*#$,1#G)-
#%$:5%% w A$520$-*%$"51/+2-)%=4$*"#$%?#)*1&/$+,$5$2+2?#1-40-)$%-8253 )+2*5-2%$-2$8#2#153$533$?+%%-'3#$, 1 #G)-#%T$SOHEH# 1" #3#%%4A$*" #$#%%#2*-53$?51*%$+,$*" #$%?#)*¥15 +,$?15)*-)53$%-8253%$51 #$&%&533>$)+2,-2#0$*+$ 1 #35%-E#3>$%"+1*$%#8/#2*%S$+,$*"#$,1#G)>$ -w. 5D-%eb52$+'%# 1 ES*-4+2$*"5*$-
%$E#1>$&%#,&3$-2$*"#$?1+)#%%-28%$+,$%&)"$%-8253%7$K+1$-2%*52) #4$*"# %?#)*1&/$+,$5&0-'3#$%+&20%$%&)"$5%$%?##)"$520$ /&%-)$#D*#20%$,1+/$5'+&*$BA$aT$*+$5'+&* BA .aTe5$,1#G)>$1528#$.2+62$5%$*"#$301"%,83*17$a#1#$6#$%" +&30$2+*#$*"5*$53*" + &8" % +/#$/&%-)53$*+2#%S$"S5SE#$,1#G)-
#%$5'+E#$BAS$.aT4$*" #$"&/52$#51$-%$-2)5?5'3#$+,$"#51-28 ,1#G)-#%$ *"5*$ 51#$ /&)"$ 5'+E#$ BAS .aT7$ L%$ 52+*"#1$ #D5/?3#4$ 5253+8%$ E-0#+$ %-8253%$ "SE# *"#-1$%?#)*15$-2$*"#$1528#$+,$A$ aT$*+$771$ aT7$$$$ Figure 1.6 1"#$,1#G)>$%?#)*1&/$:53%+$.2+62$5%$*"#$("*',+/'#)$0!=$+,$*¥"#$?#1-4+0-)$
%G&51#$65E#$+,$K-87 @717 1.3 Analog and Digital Signals 11 Figure 1.7 !"#$ ,1#G)>$ %?#)*1&/$ +, 52$51'-*151>$65E#,+1/$%&)"$5%$*"5*$-2$K-87 @7U7 F#$)+2)3&0#$*"-%$%#)*-+2$'>$2+*-28$*"5%$§5$%-8253$)52$ ' # $ 1 #? 1 # % # 2¥#0$# X" #1$'>$*"#$/522#1$-2 6"-)"$-*%$65E#,+ 1/$ES1-#%$6-*"$*-/#4$5%$,+ 1 $*" #$E+3*58#$%-8253%
v(:"=$%"+62$-2$K-87$@7U4$+1$-2 *#1/%$+,$-%%$,1#G)>$%?#)*1 &/4$5%$-2$K-87$@7c7$!"#$*6+$53*# 1 25%-E# S 1 # 21 #%#2*¥5*-+2%$51#$.2+62 5%$*"#$*-/#90+/5-2$ 1 #?2 1 #%#2*5*-+2$520$* " #$,1#G)>90+/5-2$ 1 # 21 #%#2*5*-+24$ 1 #%?#)-E#3>T7$!"# ,1#G)>90+/5-2$1 #?1 #%#2*5*-+2$+,$v(:"=$6-33$'#$0#2+*#0$'>$*"#$%>/'+3%$)
(:w=7$ EXERCISES 1.5 K-20$*"#$,1#G)-#%$*$520$wW$+,$5$%-2#965E#$%-8253$6-*"$5$?#1-+0$+,$@%$/%7 U Ans. *$= @AAA$aTMS$ w = B X @A $150 % 1.6 F"5*$-%$*"#$?2#1-+0$,$+,$%-2#$65E#,4+1/%$)"515)*#1-T#0$'>$,1#G)-#%$+,$:5=$*+=$bA$aTX$:'=$*+=$@A—-U$aTX :)=$*+=$@$_aTX$$ Ans. @b7c$/%M$@AAA$%M$@$1% 1.7
1"#$daK$:&3*%15$"-8"$,1#G)>=$*#3#E-%-+2$'1+50)5%*$'520$'#8-2%$6-¥"$)"522#3$@ "~ $520$#D*#20%$,1+/ ~cA$ aT$*+$ZAbs$ aT7$;,$b$ aT$-%$533+)5*#0$,+1$#5)"$)"522#34$"+6$/52>$)"522#3%$)52$*"-%$'520 5))+//+05*#X Ans. ]bM$)"522#3%$@ "~ $*+$b\ 1.8 F'#2$*"#$%G&51#965E#$%-8253$+,$K-87$@714$6"+%#$K+&1-
#H#1$%#1-#%$-%$8-E#2$-2$]G7$:@7B=4$-%$5??3-#0$*+$5$1 #%-%9 , *+14$*¥"#$*+*53$?+6#1$0-%%-?5*%#0$/5>$'#$)53)&35*%#0$0-1#)*3>$&%-28$*"#$1#35*-+2%"-?$ - = @/, A(VvB/# ) ." +1$-20-1#)*3>$'>$%&//-28$*"#$)+2*1-'&*-+2$+,$#5)"$+,$*"#$"51/+2-)$) +/?+ 2 #2*%4 $*"5%$-%4$-$S$-@$F$-UST -1 £$g4$6"-)"$/5>$'#$,+&20$0-
1#)*3>9$,14+/$1/%$ES33&#%T7$Y#1-,>$*"S5¥$* " #$*¥6+$5?2?14+5)"#%$5 1 #$#G&-ES3#2*7 F"5%$,15)*-+2$+, $*" #$#2#18>$+,$5$%G&S 1 #$65E#$-%$-2$-*%$,&205/#2*%53X$;2$-%%$,-1%*$,-E#$"51/4+2-)%X$;2$-%%$,-1%* % #E#2XSK-1%*$2-2#X$;2$6"5%$2&/' #1$+,$"51/4+2-)%S$-%S\A[$+,$*" #$#2#18>X$:0++# $*"5*$-2$)+ &2*-284$"51/4+2-)%4
*#S,&205/#2*%53$5%w A$-%$*"#$,-1%* 4" #$+2#$5*$Bw A$-%$*"#$%#)+204$#*)7= Ans. ATZZ@M$A7T\UMS$A7\IM$A7\bM$U 1.3 Analog and Digital Signals !"#$E+3*58#$%-8253$0#7?-)*#0$-2$K-87$@7U$-%$)533#0$52$3*3(%2,+"2*¥3(7$!"#$25/#$0# 1-E#%$,1+/ *"#$,5)*$*"5*$%&)"$5$%-8253$-%$5253+8+ &% $*+ $*"#$?">%-
)53$%-8253$*"5*$-*¥$1 # 21 #%#2*¥%7$!"#$/582-9 *&0#$+,$52$5253+8%$%-8253$)52$*5. #$+2$52>$ES533&# M$*"5+$-%4$*¥" #$5/?3-*&0#$+,$52$5253+8$%-8253 #D"-'-*%$5$)+2*-2&+ &% S$SES1-5%-+2$+E#1$-*%$1528#$+,$5)F-E-*> 7§ "#$E5%*$/5(+1-¥>$+,$%-8253%$-2$*"# 12 Chapter 1 Signals and Amplifiers
6+130$51+&20$&%$51#$5253+87$]3#)*1 +2-)$)-1)&*%$*¥"5*$?1 +)# % %$%&)"$%-8253%$51 #$.2+62$5%$3*3& (%2, #"$#0")+7$LSES1-#*>$+,$52534+8%)-1)&-*%$6-33$'#$%*&0-#0$-2$*"-%$'++.7 L2$53*¥# 1 25*-E#$,+1/$+,$%-8253$ 1 #? 1 #%# 2*¥5%-+2$-%$*¥"5*$+,$5$% #G) #$+,$2&/ #1%4A$#5)"$2&/9 '#1$ 1 #?1 # % #2*-28$*"#$%-8253$/582-
*&O#$5*$52$-2%*52* S+, $*-/#T$!" #$1#%E&3*-28$%-8253$-%%$)533#0$5 1"2")3(,+"2*3(7,!+$%##$"+6$5$%-8253$)52$ ' #$ 1 #?2 1 # % #2*#0$-2$*"-%$, +1/e*"5%$-%4$"+6$%-8253%%$)52 '#$)+2E#1*#0$,1 +/$5253+8$*+$0-8-*53%,+1/e)+2%-0#1$K-87$@7Z:5=7$a# 1 #$*"#$)&1E#S$1#?1 #%#2*%$5 E4+3*58#$%-82534$-0#2*-)53$*+$*"5*$-2$K-
87$@7U7$L*$#G&53$-2*#1E53%$53+28$*"#$*-/#$5D-%4$6#$"SE# /S51.#0$*"#$*-/#$-2%*52%%$"A4$"@4$"B4$520$%+$+27$L*¥$#5)"$+,$*" #%# $*-/#$-2%*52%%4A$*" #$/582-%&0# $+, *"#$%-8253%$-%$/#5%&1#04$5$?1+)#%%$.2+62$5%$+31/("*2$$K-8& 1 #$@7Z:'=$%"+6%$5$ 1 #?1 #%#2*¥5%-+2 +,$*"#$%-8253$+,$K-
87$@7Z:5=$-2$*#1/%$+,$-%%,%5/?3#%7$!"#$%-8253$+,$K-87$@7Z:'=$-%$0#,-2#0$+23>$5* *"#$%5/?3-28$-2%*52*%M$-*$2+$3+28#1$-%$5%$) +2*-2&+ &%$, &2)*-+2$ +,$*-/#MS15*" #14$-*$-%$5$ 1"+ #$')'& )", +"2*3(7,a+6HE#14$%-2) #$*¥"#$/582-*&0#$+,$#5)"$%5/?3#$)52$*5. #$52>$E533&#$-2$5$) +2*-2&+ &%
1528#4$*"#$%-8253$-2$K-87$@7Z:'=$-%$%*-33$52$5253+8$%-82537 O+6%$-,$6#$1 #? 1 #%#2*¥$*"#$/582-*&0#$+,$#5)"$+,$*"#$%-8253$%5/?3#%$-2$K-87$@7Z:'=$'>$5$2&/'#1 "SE-28% 5% ,-2-*#$ 2&/'#1$ +,$ 0-8-*%4$ *"#2$ *"#$ %-8253% 5/?3-*&0#$ 6-33$ 2+$ 3+28#1$ '#$ )+2*-2&+&%M 15*¥"#14$-*$-%$%5-
0$*+$'#$:03%)"="14,1"+#$")"="14,+1$1"2")"="17$!"#$1 #%&3*-28$0-8-*53$%-8253$*"#2$-% %-/?3>$5$%#G)#$+,$2&/' #1%$*"S*$ 1 #?2 1 # % #2*$*"#$/582-*&0# % $+,$*" #$%&)) # % %-E#$%-8253$%5/?3# %7 1"#$)"+-)#$+,$2&/ #1$%>%* #/$*¥+$ 1L #?2 1 # % #2*$*" #$%-8253$%5/?3#%$5,, #)* % $*"#$*¥>?#$+,$0-8-*53 %-8253%7?
1+08&)#04$520$"5%$5$?1 +,+&20$#,, #)*$+2$*"#$)+/?3#D-*>$+,$*"#$0-8-*53$)-1)&*%$ 1 #G&-1#0 *+$?1+) # %% $*"#$%-8253%7$;*$*&12%$ + &*$*"5*$*" #$8"*3$;$2 &/ #1$%>%*#/$1 # % &3*%$-2$*" # $%-/?3# %*$?+ %9 %-'3#$0-8-¥53$%-8253%$520%)-1)&-*%7$;2$5$'-251>$%>%*#/4$#5)"$0-8-¥$-2$*"#$2&/ #1$*5. #%$+2$+2#$+, (a) Figure
1.8 I5/?3-28$*"#$)+2*-2&+&%9*-/#$5253+8$%-8253$-2$437$1 #%&3*%$-2$*" #$0-%) 1 #*#9*-/#$%-8253$-2$487> 1.3 Analog and Digital Signals 13 v (t) "5 Logic values01 01 1 01 0 0 Time, t Figure 1.9 Y51-5*-42$+,$5$?51*)&351$'-251>$0-8-*53$%-8253$6-*"$*-/#7 +23>$*6+$?+%%-'3#$ES33&# %4 $0#2+*#0$A$520$@7$4$*"#$0-8-
*53$%-8253%%$-2$'-251>$%>%9 *#/%$2##0$"SE#$+23>$*6+$E+3*58#$3H#E#3%4$6"-)"$)52$'#$35'#3#0$3+6$520$"-8"7$L%$52$#D5/?3#4$-2 %+/#$ +,$ *"#$ 0-8-%53%$ )-1)&-*%$ %*&0-#0$ -2$ *"-%$ '++.4$ *"#$ 3#E#3%$ 51#$ A$ Y$ 520% +]1$ Y7$ K-8&1#$ @7\ %"+6%$*"#$*-/#$E51-5%+2$+,$%&)"$5$0-8-

*53$%-82537$C' % # 1 E#$*"5*$*¥"#$65E#,+1/$-%$5$?&3%#$*¥15-2 6-*"$A$YS1#?21 #%#2*-28$5$A$%-82534$+1$3+8-)$A4$520$+1$Y$1#?21#%#2*-28$3+8-)$@7 ;,$6#$&%#$/$0-251>$0-8$"1$:"-*%=$*+$ 1 #? 1 #%#2*$#5)"$%5/?3#$+,$*"#$5253+8$%-82534$*"#2$*"#$0-89 -*-T#0$%5/?3#$ES533&#$)52$'#$#D?1#%%#0$5%$ A@B/-@1=0A
B+0@B+0BB+ ..$f0/—@ B -($/. 6"#1#$ 0A4$ 0@4$ g4$ 0/h@4$ O#2+*#$ *"#$ /$ '*%$ 520$ "SE#$ ES33&#%S$ +,$ A$ +1$ @7$ a#1#$ '-*$ 0A$ -%$ *"#$ ('3+) +"2%"9"#3%),8"),:?@A=4$520%$"-*$0/h@$-%$*"#$!%+),+"2*"9"#3%),8"),:-@A=7$4$*"-%$"'-251> 2&/'#1$-%$61-**#2$5%$0/h@$0/hB$g+0A7$F#$+'%# LE#$*¥"5*$%&)"$5$1 #7?
1#%#2*5*-+ 2$G&S2*-TH#%S$*"#$5253+8 %5/?3#$-2%+$+2#$+,$B/$3#E#3%7$C'E-+&%3>$*"#$81# 5 # 1 $*¥"#$2&/ #1$+,$'-¥%$:-7T#T7TA$*"#$3518# 1 $*"#$/=4$*"# )3+%#1$*"#$0-8-*53$6+10$1$5??1+D-/5*#%$*"#$/582-*&0# $+,$*"#$5253+8$%5/?3#7$!"5%$-%4$-2)1 #5%-28 *"#$2&/' #1$+,$'-

*%$1#0&)#%$*" #$23(4"$5("$&4+677&7$520$-2)1#5% #%$*"#$1#%+3&*-+2$+,$*"#$5253+89*+9 0-8-*53$)+2E#1%-+27$!"-%$-/?1 +E#/#2%$-%4$" +6#E#14$&%&533>$+"*45-2#0$5+$*" #$H#D?#2%#$+,$/+1#$)+/9 ?3#D$520$"#2)#$/+1#$)+%*3>$)-1)&-*$-/?3#/#2*5*+2%7 $;*$-%$2 +*$+ &1 $°& 1?2+ % #$" # 1 #$*+ $SO# ZE# $-2*+ $*"-% *+7?-
)$52>$0##?# IMSOH#S/#1#3>$652*%$* " #$1#50#1$*+$52?21 #)-5# $*"#$25*& 1 #$+,$5253+8$520$0-8-%53$%-8253%7 OH#EH# 1" #3#%%4A$-*$-%$52$+ 2?2+ 1*¥&2# $*-/#$*+$-2*%1 +0&) #$5$E#1>$-/?+1*52%$)-1)&-*$'&-30-28$'3+).$+,$/+09 #12$#3#)*1 +2-)$%>%*#/%H$*"#$3*3(%2&)%&1"2")3(,#%*B'$)'$$:CDE$+1$CE6=$%"+62$-2$'3+).$,+1/$-2
K-87$@7@A$!"#$LQ7$!"#$0&53%$)-1)&-*$+,$*"#$L.Q$%-8253%4$*"#-1$0#%-82$-%$%-/?3#1$*"52$*"5*$+, 5253+8% )-1)&-*%7$ K& 1*"#1/+1#4$ 0-8-*53$ %>%*#/%$ )52$ '#$ 0#%-82#0$ &%-28% 5$ 1#35*E#3>$ ,#6$ 0-,,#1#2* .-20%$+,$0-8-*53%$)-1)&-
*$'34).%7$a+6#E#14$5$3518#$2&/'#1$:#7874$"&201#0%$+,$*"+&%520%$+ 1 $#E#2$/-39 3-+2%=$+,$#5)"$+,$*"#%#$'3+).%$51 #$&%&533>$2# #0#07$!"&%$*" #$0#%-82$+,$0-8-*53$)-1)&*%$?+ % #%$-¥*%$+62 %#*$+,$)"533#28#%$*¥+$*" #$0#%-82#1$'&*$? 1 +E-0#%$1#3-5'3#$520$#)+24/-)$-/?3#/#2*¥5*%+2%$+,$5$81#5* E51-
#*>$+,$%-82539?1+) #%%-28%$,&2)*-+2%4$/52>$+,$6"-)"$51 #$2+*$?+%%-'3#$6-*"$5253+8%)-1)&-*%T$L* *"#$?1 # % #2*$*-/#A4$/+1#$520$/+1#$+,$*"#$%-82539?1 +) #%%-28%$,&2)*-+2%$51 #$'#-28$?#1,+1/#0$0-8-¥533>7 JD5/?3#%$51 +&20$&%$5'+&20H$,1+/$*"#$0-8-*53$65*%)"$520$*" #$)53)&35*%+ 1 $*+$0-8-*53$5&0-+$ %> %*#/%4 O-
8-*53$)5/#15%$5204$/+1#$1#)#2*3>4$0-8-*53$*#3#E-%-+27$ +1#+E#14$%+/#$3+28%*520-28$5253+8%$%>%9 *#/%$ %&)"$ 5%$ *"#$ *#3#?"+2#3$ )+//&2-)5*-4+2$ %>%*#/$ 51#$ 2+6$ 53/+%*$ #2*-1#3>$ 0-8-%537$ L20$ 6# %"+&30$2+*$,+18#*$*"#$/+%*$-/?+1*52*$+,$533$0-8-%53$%>%*#/%4 $*" #$0-8-%53$)+/?&*#17 1"#$'5%-
)$'&-30-28%'3+).%$+,$0-8-*53$%>%*#/%$51#$3+8-)$)-1)&-*%$520$/#/+1>%$)-1)&-*%T7$F# %"533$%*&0>$'+*"$-2$*"-%S$'++.4$'#8-22-28$-2$$5253+8%)-1)&-*%7 ;20##04$/52>$#3#)*1+2-)$%>%*#/%$-2)3&0#$'+*"$5253+8$520$0-8-*53$?51*%7$;*$,+33+6%S$*"5*$5$8++0 #3#)*1+2-)%$#28-2##1$/&%*$"'#$?1+,-)-
#2¥$-2$*"#$0#%-82$+,$'+*"$5253+8$520$0-8-%*53$)-1)&-*%4$+1 "F'1&+"2*3(,+1$!"F'1&!%1'$0#%-82$5%$-*$-%$)&11#2*3>$.2+627$1&)"$-%$*"#$5-/$+,$*"-%$'++.7 EXERCISE 1.9$ $&20#%-15'3#7$ L2$5/?3-,-#1$*"5*$? 1 #%# 1 E#%$*"#$0#*5-3%$+,$*"#$%-8253$65E#,+1/$-%$)"515)*#1-T#0$'>$*"#$1#359 *-+2%"-? v& (") =8v$ (") -
($0. 6"#1#$v$$520$vE&SO1 #$*¥"#$-2?8&*$520$+&*?&*$%-8253%4$1 #%?#)*-E#3>4$520$8%-%$5$)+2%*52*¥§ 1 #?21 #%#2*-28 *"#$/582-%&0#$+,$5/?3-,-)5*-+24$.2+62$5%$31/("9"'$,23"*7$]G&S*-+2$:@7 "~ =$-%$5$3-2#51$ 1 #35*-4+29 %"-?M$"#2)#$*"#$5/?3-,-#1$-*$0# %) 1-'#%3$-%$5$("*'3%$,31/("9"'$7$;¥*$%" + &30$' #$ #5% > $*¥+ $ % # # $*"5*$-, $*" #
1#35%-+2%"-?$' #*6# #2$v&$520$v$S$) +2*5-2%$"-8"#1$?+6#1%$+,$v4A$*"#2$*" #S65E#,+1/$+,$v&$6-33$2+ 3+28#1$'#$-0#2%)53$*+$*"5*$+,$vS7$!"#$5/?3-,-#1$-%$*"#2$%5-0$*+ $#D"-'-F$*%*("*'3$,1"+)%$)"%*7 "#$5/?3-,-#1%$0-%) &% % #0$%+$,51$51#$?1-/51-3>$-2¥#20#0$*+$+?# 1 5*# $+2$E#1>$%/533$-2?&*$%-8253%7 !"#-1$7?
&1?4+%#$-%$*+$/5. #$*¥" #$%-8253$/582-%&0#$3518# 1$520$* " # 1 #,+ 1 #$51 #$*"+&8"*$+,$5%$B%()32' 31/("9"'$+T7$!"#$/$'31/("9"'$$-2$*"#$" +/#$%*# 1 #+$%>%*#/$-%$52$#D5/?3#$+,$5$E+3*¥58#$5/?3-,-# 17 L*¥$*"-%$*-/#$06#$6-%"$*+$/#2*-+2$52+*¥"#1$*>?#$+,$5/?3-,-#14$25/#3>4$*"#$/%G'$,3!/("9"'$7 1&)"$52$5/?3-,-#1$/5>$?1+E-
0#$+23>$5%/+0#%*$5/+&2*$+,$E+3*58#$85-28'&*$% &' %*52*%-538)&11#2* 85-27$!"&%$6"-3#$5'%+1"-28$3-¥*3#$?+6#1$,1+/$*"#$-2?&%$%-8253$%+ & 1) #$*+$6"-)"$-¥$-%$) +22#)*#04 + *#2$5$?1#5/?3-,-#14$-*$0#3-E#1%$3518#$5/+&2*%$+,$?+6#1$*+$-¥%$3+507$L2$#D5/?3#$-%$, +&20$-2$*"# ?+6#1$5/?3-,-

HI$+,$*"#$" +H/#H SN #1H+$%>%* #/4$6" +%#$?&1?+%#$-%$*+$? 1 +E-0#$%&,,-)-#2*$?+6#1$*+ O01-E#$*"#$3+&0%?#5.#14$6"-)"$-%$*"#$5/?3-,-#1$3+507$a# 1 #$6#$%" +&30$2 +*# $*¥"5*$*"#$3+ &0%?#5.#1$-% *"#$+&F?&*$*152%0&) #1$+,$*" #$%*# 1 # +$%>%*#/M$-*$) + 2EH# 1% $*¥" # $#3#)*1-)$+ &*?&*$%-8253% +, $*" #$% > %*#/ - 2%+ $
528% 5)+&%*-)$ %-82537$ L$ ,&1*¥"#1$ 5??1#)-5*-4+2$ +,$ *"#$ 2##0$ ,+1$ 3-2#51-*>3$ )52% '#$ 5)G&-1#0$ '> 1#,3#)*-28$+2$* " #$?+6#1$5/?3-,-#17$L$3-2#51$?+6#1$5/?3-,-#1$)5&%#%$'+*"$%+,*$520$3+ &0$/&%-) ?5%%58#%$*+$'#$1#?1+0&)#0$6-*"+&*$0-%*+1*-4+27 1.4.2 Amplifier Circuit Symbol !"#$%-8253$5/?3-,-#1$-%$+'E-
+&%3>$5$*6+9?+1*$2#*%6+1.7$;%%$, &2)*-+2$-%$) + 2E#2-#2*¥3>$ 1 #?2 1 # % #2*#0$'> *"#$)-1)&-*$%>/'+3$+,$K-87$@7@@:5=7$!"-%$%>/'+3$)3#513>$0-%*-28& %" #%$*"#$-2?&*$520$ + &*?&*$?+1*%% 520%$-20-)5*#%$*"#$0-1#)*-+2$+,$%-8253%$,3+67$!"&%4$-2$% &' % #G*$0-5815/%$-*$6-33$2+*$' #$2#) #%%51> *+$35'#3$*"#$*6+$?
+1*%$V-2?&*WS$520$V+E&F?&*TWSK+1$8#2#153-*>$6#$"SE#$%" +62$*"#$5/?3-,-#1$*+$"SE# *6+$-2?&*$*#1/-253%$*"5*$51 #$0-%*-2)*$,14+/$*" #$*¥6+ $+ &*?&*$*# 1/-253%7$L$/+ 1#$) +//+2$%-*&5*-4+2$-% -33&%*15*#0$-2$K-87$@7@©@:'=4$6"#1#$5$)+//+2$*#1/-253$#D-%*%S$' #*6 # #2$*" #$-2?&*$520$ + &*F?&*$?+1*%%$ +, *"#$ 5/?3-,-
#17$ 1"-%$ )+//+2$ *#1/-253$ -%$ &%#0$ 5%$ 5$ 1#,#1#2)#$ ?+-2*$ 5209 -%$ )533#0$ *"#$ #"$#0") 2$%0*17 1.4.3 Voltage Gain L$3-2#51$5/?3-,-#1$5))#?%%$52$-2?&*$%-8253$v9 :"=$520$?1 +E-O0# % $5*$*" #$+&*?&*4$5)1+%%$5$3+50$1#%-%9 *52)#$ #%$ :%##$ K-87$ @7@B:5==4% 52$ +&*?&*$ %-8253$ v::"=$ *"5*$ -%$ 5% /582-,-
#0$ 1#723-)5% +,$ v :"=7$ "# B%()32',23"*$+,$*"#$5/?3-,-#1$-%$0#,-2#0$'> v Y+3*58#$85-2$ (8 v )$=$ 9999:9 v9 -($). 15 16 Chapter 1 Signals and Amplifiers (a) Figure 1.11 437,/'+3$,+1$5/?3-,-#17$487$L2$5/?3-,-#1$6-*"$5$)+//+2$*#1/-253$:81 +&20=$'#*6##2 *"#$-2?&*$520$ +&*?&*$?+1*%7 K-
87$@7@B:'=$%"+6%$*"#$)$3*+9'$,#.3$3#)'$"+)"#$+,$5$3-2#51$5/?3-,-#17$;,$6#$5??3> S+ $*¥" #$-2?7&* +,$*"-%$5/?3-,-#1$5$%-2&%+-053$E+3*58#$+,$5/?3-%&0#$ )k 4 $6#$+"*5-2$5*$*" #$+&*?&*$5$%-2&%+-0$+, 5/?3-*&0#$ 8 v)k 7 1.4.4 Power Gain and Current Gain L2$5/?3-,-#1$-2)1#5%#%$*"#$%-8253$?+6#14$52%-/?

+1*52%§, #5* &1 #$*"5*$0-%*-28&-%"#%$52$5/?3-,-#1 ,1+/$5$*152%,+1/#17$;2$*"#$)5%#$+,$5$*152%,+1/#14$53*" + &B"$*" #$E+3*58#$0#3-E# 1 #0$*+$*"#$3+50 )+ &30$'#$81 # 5 # 1 $*"D2$*" #SE+3*¥58#$, ##0-28$*" #$-2?&*$%-0#$:*"#$?1-/51>=4$*"#$?+6#1$0#3-E# 1 #0$*+

*#S3+50$:, 14+/$*" #$%#)+2051>$%-0#$+,$*¥"#$*¥152%,+ 1/#1=$-%$3#%%$*"52$+1$5*$/+ % *$ #G&SI$*+$*"#$?4+6#1 %&??3-#0$'>$*"#$%-8253$%+ & 1) #7$C2$*"#$+*"#1$"5204$52$5/?3-,-#1$?1+E-0#%S$*"#$3+50$6-*"$?+6#1 81 #5*#1$*"52$*"5*$+"*5-2#03%,1+/$*"#$%-8253$%+ & 1) #7$!"5*%$-%4$5/?3-,-#1%$"SE#$?+6#1$85-27$!"#
[%G'$,23"*$+,$*" #$5/?3-,-#1$-2$K-87$@7@B:5=$-%$0#,-2#0$5% 3+50$?+6#1$ (- % ) 9 1+6#1$85-2%$ ( 8; )$=$ 9999999999999999999999999999999999999999 -2?&*$?+6#1$ (-9 ) v: $: 9 =$ 999999999 v9 $9 (a) Figure 1.12 437, L$E+3*58#$5/?3-,-#1$,#0$6-*"$5$%-8253$v9 :"=$520%)+22#)*#0$*+$5$3+50$1#%-%*52)#$#%7$
487,1152%,#1$)"515)*#1-%*-)$+,$5$3-2#51$E+3*58#$5/?3-,-#1$6-*"$E+3*58#$85-2$8v 7 -($1. -($2. 1.4 Amplifiers 6"#1#$$:$-%$*"#$)&11#2*$*"5*$*"#$5/?3-,-#1$0#3-E#1%$*+$*"#$3+50$:#%=4$$:$=$V: /#%4$520$$9$-%$*"#$)&19 1#2*$*"#$5/?3-,-#1$0156%$,1+/$*"#$%-8253$%+&1)#T7$!"#$#0$$'*),23"*, +,$*"#$5/?3-,-#1$-
%$0#,-2#0$5% $ $/#52%$*"5*$*" #1#$-%S$5$@ZA°$?"'5%#$0-,9  #1#2)#$' #*¥0##2$-2?&*$520$+&*?&*$%-8253%M$-*$0+ #%$2+*$-/?3>$*"5*$*"#$5/?3-,-#1$-%$3)) ' *03)"*¥2 *"#$%-82537$C2$*"#$+*"#1$"5204$52$5/?3-,-#1$6"+%#S$SE+3*58#$85-2$-%4$%5>4$hBA$0i$-%$-2$,5)*$ 5+ #29 &5*-28$*"#$-27?
&*$%-8253$'>$5%,5)*+1$+,$@A$:-7#74$8v$=$A7@$Y Y=7 1.4.6 The Amplifier Power Supplies I-2)#$*"#$?+6#1$0#3-E#1#0$*+$*"#$3+50$-%$81 #5*# 1$*"52$*"#$?+6#1$01562$,1+/$*"#$%-8253$%+&1)#4 *" #$CC&# %*-+2$51-%#%$5%$*+$*"#$%+&1)#$+,$*"-%$500-*-+253$?+6 #17$!"#$52%6#1$-%$,+&20$'>$+'%#1E9 -28$*"5*$5/?
3-,-#1%$2##0$0)$?+6#1$%&??3-#%$, +1$*¥"#-1$+?2#15%4+27$!"#%#$0)$%+&1) #%$%&??3>$*"# #D*15$?+6#1$0#3-E#1#0$*+$*"#$3+50$5%$6#33$5%$52>$?+6# 1$*"5%$/-8"*$'#$0-%%-?5*#0$-2$*"#$-2%#19 253$)-1)&-*$+,$*"#$5/?3-,-#1$:%&)"$?+6#1$-%$) +2E# 1*#0$*+$"#5%=7$;2$K-87$@7@B:5=$6#$"SE#$2+* #D?3-)-
*¥3>$%"+62$*" #%#$0)$%+&1)#%7 K-8&1#$@7@U:5=$%"+6%$52$5/?3-,-#1$*"5*$ 1 #G&-1#%$*6+$0)$%+ & 1) #%H$+2#$?+%-*-E#$+,$ES33&#$)$-%$0#2+*#0$9$*#1/-253 *+$52$511+6"#50$?+-2%-28$0+6265107$!"#$)+11#%?+20-28$E+3*58#$-%$-20-)5*#0$2#D*$*+$#5)"$5114+69 "#507$O0+*#$*"5*$-2$/52>%$)5%#%$6# $6-
33$24+*$#D?3-)-¥3>$%"+6$*" #$)+22#)%-+2%S$+,$* " #$5/?3-,-# 1 $*+$*"# 0)$?+6#1$%+&1)#%7$K-2533>4$6#$2+*#$*"5%$%+/#$5/?3-,-#1%$1 #G&-1#$+23>$+2#$?+6#1$%&??3>7 ICC VCC ICC VCC IEE IEE (a) VEE VEE (b) Figure 1.13 L2$5/?3-,-#1$*"5*$ 1 #G&-1#%$*6+$0)$%&??3-#%$:%"+62$5%$'5**#1-#%=$,+1$+?#15%-4+27 Example
1.2 7 C'E-+&%3>4%$-2$+10#1$*+$5E+-0$0-%*+1*-28$*"#$ + &*¥?&*$%-8253$65E#, +1/4$*" #$-2?&*$%-8253$%6-28 /&%*$'#$. #2+¥$6-*"-2$*"#$3-2#51$1528#$+,$+?#15%+24 % % 9999—-9 $ = $v 9% = $ 9999+9 8v 8v ;2$K-87$@7@"4$6"-)"$%"+6%$*6+$-2?&*$65E#,+1/%$520$* " #$)+11#%?+20-28$+ &*?&*$65E#, +1/%4 *"#$7?
#5.%$+,$*"#$3518#1$65E#,+1/$"DE#$'##2$)3-2?#0$+,,$'#)5&%#$+,$5/?3-,-#1$%5*&15*%-+27 20 Chapter 1 Signals and Amplifiers Figure 1.14 L2$5/?3-,-#1$*152%,#1$)"515)*#1-%*-)$*"5*%$-%$3-2#51$#D)#7*$,+ 1$+ &*?&*$%5*%&15%-+27 1.4.8 Symbol Convention L*$*"-%$?+-2*¥*4$6# $0156$*"#$1#50# 1 P%$S**+#2*-
+2$F+$*F"H$FH#1/-2+3+8>$6#$%"533$#/?3+>$*" 1 +&8"+&* *"#$'++.7$!+$-33&%* 1 5*#$*" #$*#1/-24+3+8>4$K-87$@7@1$%" +6%$*"#$65E#,+1/$+,$5$) &1 1 #2*$$< :"=$*"5* -%$,3+6-28$*"1+&8"$5$'152)"$-2$5$?51*-)&3519$)-1)&-*7$!"#$)& 11 #2*¥$$< :"=9$)+2%-%*%$+,$5$0)$)+/?+9 2#2*$9$52$&??#1)5%#$%>/'+3$6-*"$&??
#1)5%#$%&'%)1-7*:%=4$,+1$#D5/?3#$9< 4$V1@ 7$;2)1#/#2*53 1.5 Circuit Models for Amplifiers 21 iC ic Ic iC IC 0 t Figure 1.15 [>/'+3$)+2E#2*-4+2$#/?3+>#0$*" 1+ &8"+ &*$*¥"#$'++.7 %-8253$G&S2**-#%$51 #$0#24+*#0$'>$5$34+6#1)5%#$%>/'+3$6-%"$34+6#1)5%#$%&'%)1-7*:%=4$,+1$#D5/?3#4 $":"=4$vA!:"=7$;,$*"#$%-8253%-
%$5$%-2#S65EH#4$* " #2$-%%$5/?3-*&0#$-%$0#2+*#0$'>$52$&??#1)5%#$%>/'+3 6-¥"$3+6#1)5%#$%&'%)1-7*:%=4$,+1$#D5/?3#$9' 4$)A!7$K-2533>4$53*"+&8"$2+*$%"+62$-2$K-87$@7@14$0) ?+6#1$%&??3-#%$51#$0#2+*#0$'>$52$&??#1)5% # $3#**#1$6-¥"$5$0+ &'3#93#*#1$&??#1)5%#$% &' %)1-?%4$,+1 #D5/?3#4$)4 ,+1$#D5/?
3#4$9X Ans. @AB$/FM$@][ 1.5 Circuit Models for Amplifiers L$%&'%*52*-53$?51*$+,$*"-%$'++.$-%$)+2)# 12#0$6-*"$*"#$0#%-82$+,$5/?3-,-#1$)-1) &-*%$*"5*$ &% # $*¥152%-%9 *+1%$+,$ES51-+&%$*>?#%7$1&)"$)-1)&-*%$6-33$E51>$-2$)+/?3#D-*>$,1 +/$*"+ % #$&%-28$5$%-283#$*1 52%-%*+ 1 $*+ *"'+%#$6-*"$BA$+1$/+1#$0#E-
VH#%T$;28+10#1$*+$' #$5'3#$*+$5??3>$*F" #$1 #%&3*-28$5/?3-,-#1$)-1)&*$5%$5 '&-30-28$'34).$-2$5$%>%*#/4$+2#$/&%*$'#$5'3#$*+$)"515)*#1-T#4$+1$!%1'(5$-%%$*#1/-253$'#"5E-+17$;2 *"-%$ % #)*-+24$6# $%*¥*&0>$%-/?3#$'&*$#,, #)-E#$5/?3-,-#1$/+0#3%7$!" #%#$/+0#3%$5??3>$-1 1 #%?#)*-E#$+, ¥"#3$)+/?3#D-

>G4+, $F" #$-2%#1253%)-1)&-*$+,$*" #$5/?3-,-#17$"#S$ES33&# % $+,$*"#$/+0#3$?515/#*#1%$)52$'# ,+&20$#-*"#1$'>$5253>T-28$*"#$5/?3-,-#19$)-1)&-*$+1$'>$?#1,+1/-28$/#5%& 1 #/#2*%$5*$*"#$5/?3-,-#1 *#1/-253%7 22 Chapter 1 Signals and Amplifiers 1.5.1 Voltage Amplifiers K-8&1#$@7@b:5=$%"+6%$5%$)-1)&-

*$/+0#3$,+1$*" #$E+3*¥58#$5/?3-,-#17$!"#$/+0#3%$)+2%-%*%$+,$5$E+3%9 58#9)+2*1+33#0$E+3*58#$%+&1)#$"5E-28$5$85-2$,5)%+1$ 8 v&4A$52$-2?&*$1 #%-%*52) #$#$$*¥"5%$5))+&2*% ,+1$*¥"#$,5)¥$*"5*$*¥"#$5/?3-,-#1$0156%$52$-2?&*$) &1 1#2*$,14+/$*" #$%-8253$%+&1)#4$520$52$ + &*?&* 1#%-

%*¥52)#$#&S$*"5%$5))+&2*¥ %S, + 1 $*¥"#$)"528#$-2$+ &*?&*$E+3*¥58#$5%$*" #$5/?73-,-#1$-%$)533#0$&?+2$*+ %&??3>$+&*¥?&*$) &1 1 #2*%$*+$5$3+507$!+$'#$%?#)-,-)4$6#$%"+6$-2$K-87$@7@b:'=$*"#$5/?3-,-#1$/+0#3 ,#0$6-*"$5$%-8253$E+3*58#$%+&1)#$V!I$"SE-28$581 #%-%*52) #$#1$520$)+22#)*#0$5*$*" #$+ &*?&*$*+$5 3+50$
1#%-%*52)#$ #%7$ 1"#$ 242T#1+$ +&*?&*$ 1#%-%*52)#$ #&$ )5&%#%$ +23>$ 5% ,15)*%+2$ +,$ 8 v& v $ $ ¥+ 5??#51$5)1+%%$*¥"#$+&*?&*7$d%-28$*" #$E+3*58#90-E-0#1$1&3#$6#$+*5-2 #% #% + #& v & = 8 v& v $ 999999999999999999 !"&%$*"#$E+3*58#$85-2$-%$8-E#2$'> v #% 9 8 v = 9999& = 8 v& 99999999999999999 v$
#% + #& -($(+. ;*$,+33+6%$*"5%$-28+10#1$2+*$*¥+$3+%#$85-2$-2$) +&?3-28$*"#$5/?3-,-# 1 $+ &F?&F$*¥+$5$3+ 504 $*" #$+ &*9 ?&*$ 1 #%-%*52) #$# &$%"+&30$'#$/&)"$%/533# 1 $*"52$*" #$3+50$1 #%-%*52) # $#%7$;2$+*"#1$6+10%43$,+1 S$B-E#2$#%$+2#$/&%*$0#%-82$*" #$5/?3-,-#1$%+$*+"5*¥$-*% $# &$-
%$/&)"$%/533#1$*"52$# % 7$K&1*"#19 [+ 1#4$*"#1#$51#$5?2?23-)5%+2%$-2$6"-)"$#%$-%$.2+62$*+$ES51>$+E#1$5$)#1*5-2$1528#7$;2$+10#1$*+ . ##2$*" #$+&F?E&HSE+3*¥58# $v&$5%$) +2%*52*$5%$?+%%-'3#A$*" #$5/?3-,-#1$-%$0#%-82#0$6-*"$ # &$/&)" %/533#1$*"52$*" #$3+6#%*$ES533&#$+,$#%7$L2$-0#53$E+3*58#$5/?3-,-#1$-
%$+2#$6-*"$#&$=$A7$]G&L9 *-4+2$:@7@B=$-20-)5*#%$53%+$*"5*$, + 1$#%$=$04$ 8 v = 8 v&7$!"&%$ 8 v& $-%$*"#$E+3*58#$85-2$+,$* " # &23+50#0$5/?3-,-#14$+1$*¥"#$%/**&#"$#0"),B%()32',23"*7$;*$%"+&30$53%+$'#$)3#51$*"5%$-2$%?#)9 -,>-28$*"#$E+3*58#$85-2$+,$52$5/?3-,-#14$+2#$/&%*$53%+$%?#)-

>R #SES33&#$+,$3+50$1#%-%*52)# 1 vo 2 (a) iiio " vo vs ! (b) Figure 1.16 437$$5%%&/#0$*"5*$*"#$8-E#2$E+3*58#$85-2$-%$*"#$+7#29)-1)&-*$85-2$ 8 v& 7 1"#$,-2-%#$-2?&*$ 1 #%-%*52) # $#$$-2*1 +0&) #%$52+*"# 1 $E+3*58#90-E-0#1$5)*-+2$5*$*" #$-2?&*4$6-*" *"#$1 #%&3*$*"5%$+23>$5%,15)*-

+284+,$*" #$%+&1)#$%-82538v!I$5)*&533>$ 1 #5)" " # % $*"#$-2?&*$*#1/-253%$+,$*"# 5/?3-,-#1MS$*"5*$-%4 #$ #$ + #! v $ = v 1 9999999999999999 -($(/. ;*$,+33+6%$*"5*$-2$+10# 1 $2+*$*+$3+ % #$5$%-82-,-)52*§?2+ 1*-+ 28+, $*" # $-2?&*$%-8253$-28) + &?3-28$*"# %-8253$%+& 1) # $*+$*"#$5/?3-,-#1$-2?&*4$*"#$5/?3-,-
#1$/&%*$'#$0#%-82#0$*%+$"SE#$52$-2?&*$ 1 #%-%9 m *52)#$#$$/&)"$81#5¥#1$*" 528+ " #$1#%-%*52)#$+,$*"#$%-8253$%+&1)#4$ # $ $ # |7SK&1*"#1/+1#4$*"#1# 51#$ 5??3-)5%+2%$ -2$ 6"-)"$*¥"#$%+ & 1) #$1#%-%*52)#$-%$.2+62$ *+$ ES1>$+E#1$5$ )#1*5-281528# 7!+ [-2-/-T#$*¥"#$#,,#)*$+,$*"-%$ES1-5*

+2$+2$*" #$ES33&#$+,$*" #$%-8253$*"5*$5?2?#51%$ 5 $*" #$-2°8&*$+,$*"# 5/?3-,-# 14" #$0# %-82$#2% &1 #%$*"5*$#$$-%$/&)"$81#5*# 1$*"52$*" #$3518#%*$ES33&#$+,$#!7$L2$-0#53 E+3*58#$5/?3-,-#1$-%$+2#$6-*"$#$$=$07%$;2$*"-%$-0#53$)5%#$'+*"$*"#$)&11#2*$85-2$520$?+6#1$85-2 '#)+/#$-2,-2-%#7
I"#$+E#1533$E+3*58#$85-2$:v& /vI=$)52$'#$,+&20$'>$)+/'-2-28$]G%7$:@7@B=$520$:@7@U=4 #$ #% v& 9 99999999999999999 9 9999 " 8 v& 999999999999999 # + # # v! $ | % + #& !"#1#$51#$%-*&5*-+2%$-2$6"-)"$+2#$-%$-2*# 1 #%*#0$2+*$-2$E+3*58#$85-2$'&*$+23>$-2$5$%-82-,-)52* ?+6#1$85-
27$K+1$-2%*52)#4$*"#$%+&1)#$%-8253$)52$"SEH#$5$1#%?#)*5' 3#$E+3*¥58#$'&*$5$%+ & 1) #$1#%-%9 *52)# $*¥"5%$-%$/&)"$81#5%# 1 $*"52$*" #$34+50$1#%-%*52)#7$4$6"5*$SE+3*58#$520$? +6#1$3#E#3%$ 1 #%&3I*$5*$*" #$3+50X$;,$5$&2-¥>985-2$:-7#74 8 v& " @=$'&,, #1$5/?3-,-#1$6-¥"$@9 Q$-2?&*$1#%-%*52)#$520$@A9Q$+&*?
&*$1#%-%*52)#$-%$-2*¥# 1?2 +%#0$'#*6# #2 %+&1)#$520$3+504$6"5*$0+$*"#$+&*?&*$E+3*58#$520$?+06# 1 $3#E#3%$'#)+/#X$K+1$*"#$2#6 511528#/#2*4$,-20 *"#$E+3*58#$85-2$,1+/$%+&1)#$*+$3+504$520$*"#$?+6#1$85-2$:'+*"$#D? 1 #%%#0$-2$0#)-'#3%=7 Ans. @A$1nY$1/%M$@A-@@$FM$A7BI$YM$b7BI$/FM$
—@B$0iM$~"$0i 1.13 "#$+&*F?&*F$E+3*¥58#$+,$5$E+3*58#$5/?3-,-#1$"5%$' ##2$,+&20$*+$0#)1#5%#$'>$BA[$6"#2$5$3+50$1#%-%*52)# +,$@$.Q$-%$)+22#)*#07$F"5*$-%$*" #$ES33&#$+,$*" #$5/?3-,-#1$+ &*?&*$ 1 #%-%*52)#X Ans. BJA$Q 1.14 L2$5/?3-,-#1$6-*"$5$E+3*58#$85-2$+,$+ " A$0i4$52$-2?&*$1 #%-
%*52)#$+,$@A$.Q4$520$52$+&*?&*$ 1 #%-%*52)# +, @ .Q$-%$&%#0$*+$01-E#$5$@9.Q0$3+507$F"5*$-%$*"#$ES533&#$+,$ 8 v& X$K-20$*"#$ES33&#$+,$*"#$?+6#1$85-2$-2 0#)-'#3%7 Ans. @AA$Y YM$ ™" $0i$ 24 Chapter 1 Signals and Amplifiers 1.5.2 Cascaded Amplifiers !+$/##*$8-E#2$5/?3-,-#1$%?#)-,-)5*-

+2%4$6#$+ ¥ #2$2# #0$*+$0#%-82$*"#$5/?3-,-#1$5%$5$)5%)50#$+, *6+$+1$/+1#$%*58#%7$!"#$%*58#%$51 #$&%&533>$2+*$-0#2*%-)53M$15*" #14$#5)"$-%$0#%-82#0$*+$%H# 1E#$5 %?#)-,-)$?& 1?2+ % #7$K+1$-2%*52)#4$-2$+10#1$*+$? 1 +E-O#$*"#$+E#1533$5/?3-,-#1$6-*"$5$3518#$-2?&* 1 #%-%*52) #4$*"#$,-1%*$%*58# $-
%$&%&533>$1 #G&-1#0$*+$"SE#$5$3518#$-2?8&*$1 #%-%*52)#7$L3%+4$-2$+10#1$*+ #G&-?$*"#$+E#1533$5/?3-,-#1$6-*"$5$3+6$+&*?&*$1 #%-%*52) #4$*"#$,-253$%*58#$-2$*"#$)5%)50#$-%$&%&9 533>$0#%-82#0$*+$"SE#$5$3+6$+&*?&*$1 #%-%*52) #7$!+$-33&%* 1 5¥#$*+" #$5253>%-%$520$0#%-82$+,$)5%9 )50#0$5/?3-,-
#1%4$6#$)+2%-0#1$5$?15)*)53$#D5/?3#7 Example 1.3 K-8&1#$@7@c$0#7?-)*%$52$5/?3-,-#1$)+/?+%#0$+,$5$)5%)50#$+,$*" 1 # #$%*58# % 7$!"#$5/?3-,-#1$-%$,#0$'>$5$%-8253 %+&1)#$6-¥"$5$%+&1)#$1#%-%*52)#$+,$ @AA$.Q$520$0#3-E#1%$-*%$+ &*?&*$-2*¥+$5$3+50$1 #%-%*52) #$+,$ @AA$QT7$!"#$,-1%* %*58#$"5%$5$1#35*-
E#3>$"-8"$-2?&*$1#%-%*52)#$520$5$/+0#%*$85-2$,5)*+1$+,$@A7$!"#$%#)+20$%*58#$"5%$5$"-8"#1$85-2 ,5)*+1$'&*$3+6#1$-2?&*$1#%-%*52)#7$K-2533>4$* " #$35%*4$+1$+ &*?&*4$%*58#$"5%$ &2-¥>$85-2$'&*$5$3+6$+ &*F?&*$ 1 #%-%*52)#7 F#$6-%"$*+$#ES3&S*#$*¥"#$+E#1533$E+3*58#$85-24$*"5%¢-
%4$v%/vIA$*"#$)&11#2%$85-24$520$*"#$?+6#1$85-27 Figure 1.17 "1##9%*58#$5/?3-,-#1$,+1$]D5/?3#$@7U7 Solution !"#$,15)*-+2$+,$%+&1)#$%-8253$5??#51-28$5*$*"#$-2?&*$*¥#1/-253%$+,$*"#$5/?3-,-#1$-%$+"*¥5-2#0$&%-28$*"#$E+3*9 58#90-E-O#1$1 &I #$5*$*"#$-2?&*4$5%$,+33+6%H v $@ @$_Q 999999 =
999999999999999999999999999999999999999 9 = A7\NA\$Y' 'Y @$ Q + @AA$.Q v! "#$E+3*58#$85-2$+,$*"#$,-1%*$%*58#$-%$+"*5-2#0$'>$)+2%-0#1-28$*" #$-2?28&*$ 1 #%-%*52) #$+,$*" #$%#)+20$%*58#$*+$'# *"#$3+50$+,$*"#9$,-1%*$%*58#M$*"5*$-%4 v @AA$.Q 8 v@ = 99999$B9 = @A 9999999999999999999999999999999999999 =
\7\$Y'Y @AA$.Q + @$.QV $@ I-/-3513>4$*"#$E+3*58#$85-2$+,$*" #$%#)+20$%*58#$-%$+*5-2#0$'>$)+2%-0#1-28$*"#$-2?&*$1 #%-%*52) #$+,$*"#$*"-10 %*58# $*+$'#$*+"#$3+50$+,$*"#$%#)+20$%*58#4 v @A$.Q2 8 vB = 99999$U9 = @AA 9999999999999999999999999999999999 = \A7\$Y' Y @A$.Q + @$.Q v $B 1.5 Circuit Models for
Amplifiers K-2533>4$*"#$E+3*¥58#$85-2$+,$*¥"#$+ &*?&*$%*58#$-%$5%$,+33+6%H v @AA$Q 8 vU = 99999%9 = @ 9999999999999999999999999999999999 = A7\A\$Y' Y @AA$Q + @A$Q v $U "#$*+*53$85-28+,$*"#$*" 1 # #$%*58#%$-2$)5%)50#$)52$'#$24+6$,+&20$,14+/vv $@ 8 v = 99999%9 = 8 v@ 8 vB 8 vU = Z@Z$Y Y +1$]27U$0i7
14$,-20$*" #$E+3*58#$85-2$,14+/$%+ & 1) #$*+$3+504$6#$/&3*-?3>$8v$'>$*"#$,5) %+ 1$ 1 #21 #%#2*+-28$*"#$3+%%$+,$85-2$5* *"#$-2?&*M$*"5%$-%4 v% v v v 99999 = 99999%9 999993@9 = 8 v 99999$@9 v! v$@ v ! vI = Z@Z x A7\A\ = c~U7b$Y'Y +1$1c77$0i7 1"#$)&11#2*$85-2$-%$, +&20$5%$,+33+6%H $ v % / @AA$Q 9 8 $ = 999& =
9999999999999999999999999 v $@/@$ Q0 $$ " b =@A X 8v=Z7@Z x @A $L'L +1$@UZ7U$0i7 !"#$?+6#1$85-2$-%$,+&20$,1+/ 8 ; = 99999%9 = -9 = v% $& 9999999999 v$@ $$bZ8v8 $ =Z@Z x Z7@Z X @A = bb7\ X @A $F F +1$\Z7U$0i7$O0+*#$*"5% 8 ; (0i) = @99B9[8v (0i) + 8 $ (0i) ] L$,#6$)+//#2*¥%$+2$*"#$)5%)50#$5/?3-
,H1S$-2$*" #$5'+E#$#DS/?3#$51#$-2$+10#17$!+$5E+-0$33+%-28 %-8253% %*1#28*"$ 5*$ *"#$ 5/?3-,-#1$ -2?&*$ 6"#1#$ *"#$ %-8253% -%$ &%&533>$ E#1>$ %/5334$ *"#$ ,-1%*$ %*58#$ -% 0#%-82#0$*+$"5E#$5$1#35+-E#3>$3518#$-2?&*$1#%-%*52)#$:@$ Q=4%$6"-)"$-%$/&)"$3518#1$*"52$*"#$%+&1)# 1#%-
%*52)#7$!"#$*150#9+,,$5??#51%$*+$'#$5$/+0#15*# $E+3*58#$85-2$: @AS$Y Y=7$!"#$%#)+20$%*58#$0+#% 2+*$ 2##0$ *+$ "SE#$ %&)"$ 5$ "-8"$ -2?2&*$ 1#%-%*52)#M$ 15*"#14$ "#1#$ 6#$ 2##0$ *+$ 1#53-T#$ *"#$ '&3.$ +,$ *"# 1#G&-1#0$E+3*58#$85-27$!"#$*"-10$520%$,-2534$+1$+&*?&*4$%*58#$-%$2+*$5%.#0$*+$?1+E-
0#$52>$E+3*58#$85-2M 15*"#14$-*$,&2)*+2%$5%$5$'&,, #1$5/?3-,-#14$?1 +E-0-28$5$ 1 #35*-E#3>$3518#$-2?&*$1#%-%*52)#$520$5$3+6$+&*9 ?&*$1 #%-%*52) #4$/&)"$3+6#1$* " 528 #%7$;*$-%$*"-%$%* 58 # $*"5*$#25'3#%$) +22#)*-28$*"#$5/?3-,-# 1 $*+$*"#$@A9 Q$34+507$!"#%#$?+-2*%%$)52$"'#$/50#$/+1#$)+2) 1 #*#$'>$%+3E-
28$*"#$,+33+6-28$#D#1)-%#%7$;2$%+$0+-284 +'%#1E#$*"5*%$-2$,-20-28$*"#$85-2$+,$52$5/?3-,-#1$%*58#$-2$5$)5%)50#$5/?3-,-#14$*"#$3+50-28$#,, #)*$+, *"#$%&))##0-28$5/?3-,-#1$%*58# $/&%*$'#$*5. #2$-2%+$5)) + &2*$5%$6 # $"SE#$0+2#$-2$*"#$5'+E#$#D5/?3#7 25 26 Chapter 1 Signals and Amplifiers EXERCISES 1.15
F"5*%$6+&30$*"#$+E#1533$E+3*58#$85-2$+,$*"#$)5%)50#$5/?3-,-#1$-2$]JD5/?3#$@7U$' #$6-*"+&*$%*58#$UX Ans. Z@7Z$Y'Y 1.16 K+1$*"#$)5%)50#$5/?3-,-#1$+,$]JD5/?3#$@7U4$3#*$v!$' #$@$/Y7$K-20$v$@4$v$BA$vsU4$520$v%7 Ans. A7\@$/YMS\$/YMSZ@Z$/YM$c™"$/Y 1.17 :5=$ +0#3$*"#$*"1##9%*58#$5/?3-,-#1$+,$]JD5/?
3#$@7US$:6-%"+&*$*" #$%+&1)#$520$3+50=4$&%-28$*"#$E+3*58# 5/?3-,-#1$/+0#37$F"5*$51 #$*"#$ES33&# % $+,$#$4$8v &4$520$#&X :'=$;,$#%S$ES1-#%$-2$*"#$1528#$@A$Q$*+ $@AAAS$QAS$,-20$*" #$)+11#%?+20-28$1528#$+,$*"#$+E#1533$E+3*58#$85-24$ v& "v!7 Ans. @$_Q4$\AA$Y Y4$@AS$QMS$NA\SY Y$*+$Z@A$Y' Y 1.5.3
Other Amplifier Types ;2$*"#$0#%-82$+,$52$#3#)*1 +2-)$%>%*#/4$*" #$%-8253$+,$-2*¥# 1 #%*e6" #*"#1$5*$*" #$%>%* #/$-2?&*4A$5*$52 -2*#1/#0-5*#$%*58#4$+1$5F$*" #$+&*?&*e)52$ ' #$#-+"#1$5$E+3*¥58#$+1$5$) &1 1#2*7$K+1$-2%*52)#4$%+/#$*152%9 0&)#1%$ "SE#$ E#1>$ "-8"$ +&*?&*$ 1#%-%*52)#%$ 520$ )52$ '#$ /+1#$
5?2?21 +?1-5*#3>$ /+0#3#0$ 5%$ )&11#2* %+&1)#%7$1-/-3513>4$*"#1#$51#$5?7?3-)5%+2%$-2$6"-)"$*¥"#$+&*?&*$) &1 1 #2*$15*" #1$*"52$*"#$E+3*58#$-%$+, Table 1.1 The Four Amplifier Types $$$$$$$$$$$$$!>7# $$555$555$$55$$55$$$-28$524-2?&*$E+3*58#$v$$520$/#5%&1-28%$:4+1$)53)&35*-28= *"#$-2?&*$)& 11 #2*$$$M$*"5*$-
%4$#$+=+V$ /$$7$!"#$+E&?E&*$ 1 #%-%*52)#$-%$,+&20$5%$*¥" #$15*-+$+,$*" #$+2#29 )-1)&-*$+&*?&*$ E+3*¥58#$ ¥+ $*¥"#$%"+1*9)-1)&*$+&*?&*$) &1 1 #2%7$ L3*# 1 25%-E#3>4$*"#$+&F?&*$ 1 #%-%*52)# )52$'#$,+&20$'>$#3-/-25%-28$*" #$-27&*$%-8253$% + & 1) #$: X" #2$$$$520$v$$6-33$'+*"$'#$T#1+=$520$5??3>9
-28$5$E+3*58#$%-8253$VHS$*+ $*¥" #$+ &F?&*$+,$*" #$5/?3-,-#14$5%$%"+62$-2$K-87$@7@Z7%;, $6# $0# 2+ #$*+"# )&11#2*$01562$,1 +/$vHS$ $4"&$*" #$+&*F?&*$*#1/-253%$5%$$HS: 2+ ¥ # $*+" S¥ESHS-%$+ 2?2+ %-*#$-2$0-1 #)*-+2$*+ $$&=4 *"#2$ #&+ =+ vH /$HT$ L3*"+&8"$ *"#%#$ *#)"2-GG&#%$ S1#$ )+2)#?*&533>$ )+11#)*4$ -2$
5)*&53$ ?15)*-)#$ [+1# 1#,-2#0$/#*"+0%$51 #$#/?3+>#0$-2$/#5%&1-28$#$$520$# &7 ix " ! Ro " vx ix vx Figure 1.18 Q#*#1/-2-28$*"#$+&*?&*$1#%-%*52)#7 27 28 Chapter 1 Signals and Amplifiers 1.5.6 Unilateral Models !"#$5/?3-,-#1$/+0#3%$)+2%-0#1#0$5'+E#$51#$0*"(3)'$3(M,*"5*$-%4$%-8253$,3+6$-%$&2-0-1#)*-+2534 ,1+/$-2?
&F$*+$+&F?&*T7$ +%*$1#53$5/?3-,-#1%$%"+6$%+/#$1#EH#1%#$*¥152%/-%%-+24$6"-)"$-%$&%&533> &20#%-15'3#$'&*$/&%*$24+2# " #3#%%$'#$/+0#3#07$F#$%"533$2+*$?& 1% % &# $*"-%$?+-2%, &1*¥"# 1 §5*$*"-% *-/#$H D) # 2X$*+ $/H# 2%+ 28" 5*§/+ 1 #$)+/?3#* #$/+0#3%$, +1$3-2#51$*¥6+9?+ 1*$2#*6+1.%$51 #$8-E#2$-2 L??#20-
D$=$5208+?#15*#0$6-*"$%/533$%-8253%3$)52$'#$/+0#3#0$'>$*"#$3-29 #51$)-1)&-*$%"+62$-2$K-87$@7@\:5=7$!"#$*¥" 1 # #$*#1/-253%$51#$*"#$83+',4A74$*"#$'1"))'$,4K74$520$*" #$#%(('#)%$ 4677$!"#$"#51*$+,$*¥"#$/+0#3$-%$5$*152%)+20&)*52)#$5/?3-,-# 1 $1#? 1 #%#2*#0$'>$52$-2?&*$1 #%-%*52) # $' #*6# #2$i
520$]J$:0#2+*#0$7m =4$5$%"+1*9)-1)&-*$*152%)+20&)*52)#$ACA$520$52$ +&*?&*$ 1 #%-%*52)#$7&7 B Rs C " vbe rp ro gmvbe ! BC 1 vbe vs 1 2 rp gmvbe 2 E ro RL E (a) (b) Bib 1 vbe C rp ro bib 2 E (c) Figure 1.19 437$ 1/5339%-8253$ )-1)&-*$ /+0#3$ ,+1$ 5$'-?+351$ (&2)*+2$ *152%-%*+1$ :in!=7$ 487, "#$ in!$ )+22#)*#0$5%$52 5/?3-
;HLSO- X" #SH/ ¥ H1$5%$5$) +//+2$*#1/-253$' #*¥6# #2$-2°&*$520$ +&*F?&*$:)533#0$58) +//+29#/ - #1$5/?3-,-#1=7$ 4#7$L2$53*# 1 25%-E#$%/5339%-8253$)-1)&-*$/+0#3$,+1$*¥"#3$in!7 5= F*"$*"#$#/- ¥ #1$&%#0$5%$5$)+//+2$*#1/-253$' #* 6 # #2$-2?&*$520$+ &*?&*4$K-87$@7@\:'=$%"+6%$5$*1529 %-%*+1$5/?3-,-
#1$.2+62$5%$5$#%!1%*&'!"))'$$+1$2$%0*1'1&'1"))'$$)-1)&-*7$Q# 1-E#$52$#D?1#%%-+2$,+1$*"# E+3*58#$85-2$ v& /V!4$520$#ES3&5*#$-%%$/582-*&0#$,+1$*"#$)5%#$#!$=$1$.Q4$7n1$=$B71$.Q4$AC$= ~A$/L' Y4 7& = @AA$.Q,$520$#%$= ]1$.Q7$F"5*$6+&30$*"#$85-2$ES33&# $'#$-,$*"#$#,,#)*$+,$7&$S6# 1 #$2#83#)*#0X :'=
L2$53*%#125%-E#$/+0#3$, +1$*"#$*¥152%-%*+1$-2$6"-)"$5$) &1 1#2*$5/?3-,-#1$15*"#1$*"52$5$*152%)+20&)*52)#$5/9 ?3-,-#1$-%$&*-3-T#0$-%$%"+62$-2$K-87$@7@\:)=7$F"5*$/&%*$*"#$%"+1*9)-1)&-*$) &1 1#2*$85-2$P$'#X$j-E#$'+*"$52 #D?1#%%-+2$520$5$E53 1 vo 2 1.5 Circuit Models for Amplifiers 29 Solution :5=$R#,#1$*+$K-
87$@7@\:'=7$F#$&%#$*"#$E+3*58#90-E-O# 1 $1 &3 #$*+S0#*#1/-2#$*"#$,15)*4+2$+,$-2?8&*$%-8253$*"5* 5??#51%$5*$*" #$5/?3-,-#1$-2?&*$5% 71 9 v 06 = v | 999999999999999 7m + #! -($(2. O#D*$6# $O#*# 1 /- 2#$*" #$+ & ?&F$E+3*¥58#$v&$' >$/&3*-?3>-28$*+" #$) &1 1 #2*$:ACv06=$'>$* " #$1 #%-%*52) #$:#%$00$7&=4 v & =4 AC v 06 (
# % || 7 &) -($(3. [&'%*-*&*-28%,+1$v06$,1+/$]G7$:@7@c=$>-#30%$*"#$E+3*58#985-2$#D?1#%%-+2 711 v& 99999 = 4 999999999999999 A (# || 7) 7T + #! C % & V! -($(#. C'%# 1E#$*"5*$*"#$85-2$-%$2#85*-E#4$-20-)5*-28$*"5*$*"-%$5/?3-,-#1$-%S$-2E#1*-287$K+1$*"#$8-E#2$)+/?+2#2*$E533&# %4 v& B7] 99999 = 4
9999999999999999 x ~A X (]1|| @AA ) B7]1 + 1v! =4 bU71$Y' Y O#83#)*-28$*"#$#,, #)*$+,$7&4$6#$+"*5-2 v& B7] 99999 ! 4 9999999999999999 x ~A X ] B7] + 1v! = 4 bb7¢c$Y Y 6"-)"$-%$G&-*#$)3+%#$*+$*" #$ES33&# $+*5-2#0$-2)3&0-2837&7$!"-%$-%$2+*$%&1?1-%-284$%-2)#$ 7 & $ # %7 -6.%789%:; 0 ratings0% found this document
useful (0 votes)4K viewsSaveSave [LIVRO] Microelectronic Circuits (6th Edition) (Se... For Later0%0% found this document useful, undefined



