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5 x 10*? atoms/cm?

J(Jonized) 13777 W°232 D MR TIN5 TR INR ]D’?

TMBY-PNR nermb Tem 2.4.3
0»pnn ( Thermal Equilibrium) 270 5pwn 17w S0 2313
NpoPno = NpoPpo = nIQ

P21 SMNRY PN ANTAW P2 MTPAR TRNRT Spwn MW 3%7n DBRIT WK
277 PR M DR AMYRNR2 wnD 3 1P mRyTOR n'oma Y
SMINEYTOR 075N YRR MM N M 11377 DR 191 0PN N0poR)

nlo e

n2

Npo =~ Np = pno =~ N;
pl0 e

2

Ppo = Nao = npo ~ ;
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DPWwn MW pn MR 2.4.4
W 732 IR NN TN X952 pn X
NaNp
2

%

VUZVTIH<

N (Thermal Voltage) %2977 1727 TWRD
kT
Vr=—
q

0.8 V0.6V 1Pa,V, 132m0 nnnm ,Vr ~ 25.9mV (300°K) 371 nmunanva

[0nRT MR A9

7y 7% 522 TONNI MR 2N DR 3%
nMNNR2z, e
p MRz, e

P~ n TX2 ORI IR 2M7 72 0]

Ty Ny
AN A + (—q)z, ANp = In _ Na
qrpANA + (—q)x p=0 v, Np

on Bw uOMNT 1Y X7 ¢ = 1.6 x 10719 C1 ,w?2x7 2MI~7NN Now X3 A TWRD
MR 0PoR

TR T2 YURTY DMK NRT 00T IR P0DK W3 YL 0YPY NIRRT
MR CIPXT AT VN NOANT MR DY 3w TR [Nt "y IRID 0MmaT IR bw
ST PR TYLN PRI0 KD MOMAT MR N7X)

A7 MONNT MR Bw ’DRT M

2¢ (1 1
Wiep = Tn = — +—— |V
dep = Tn + Tp \/q (NA+ND> 0

X1 112 PW (Dielectric Permittivity) *T0poRT ¥13pn WK

€s = 11.7¢g = 11.7(8.85 x 10~ *F/cm) = 1.04 x 10~ **F /em

MIP ARk 1T 2.4.5

0072 'Y TP NNPN 0 NOMRT ARMWAT IR MW PIN M by 35T
7T Sw 0»opoos

D D
I:Anf( Loy — )(ev/VT—l)
M\ L,Np " L.Na

Bi'Z:=]
JMXT W22 5w M0 MUY RIT A e
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oh)7alal "5 1119777 JIP RN D, e
(Diffusion Constant for Minority Holes)

lo))iglal ’J77L7/751\'5 TTIDYTT Y132 R D, e
(Diffusion Constant for Minority Electrons)

YW DR 3RPM L0 1P (Diffusion Length) 7977 P R L, e
n M2 VW NI N LIRTM 5w 2>ynn

VIRYTX P 22y YIDW DR AR L0170 ’.7770/75’1\’5 TRTPAMI RN Ly, @
n IR VIY°7 70 11077

(Thermal Voltage) *277 1720 R Vp ~ 25mV e
7T AR DR N0k na

=1 (/7 1)

D D
Is = Agn? z -
§ = A0 (LpND TN
NP3y MNTANTT DR DNPRD IR (Saturation Current) 77177 077 R Is
TIPS 0T PRI R
DW OMNT DR T 101 vPNm My D KD 2727 A0 MR 27 1w
v 9 ,7TTT NRNwHL 1"

WwRD

I~ JIgeV/Vr

NN NN 7T 2.4.6

PINAR 1N TR 771770 MATINT DR NAIRNND 03 DTIPA 5°Y02 1AXAW 77170 DRNWND
Y71’(’3.‘1J1’-.'JCJPNTI WRD) QWO MAWY 10 P AR nnmna (737197 TIRA XDY)
177 871 By 2%7m 7T OO (A T

IZ—IS

RPnD yoAn NRA 111°22 01w DR 1P 077 XAPI X7 % O°R11 03 UMIR ihe=le)
WY T NN Vi P TINR nnnmna Mpw ,a%"787 MR Ty RY9N" NIR NRT
8D IR T nyoun? omonn 122 Z MRA A77T0 bW i—vh 1EIR (Knee) "773"

NP7 Ay S ARRIND XD D120 730187 MR WK

PRRTRA T 2.5

:0779°1 FPIYD MR WS Sya RS XD Doyn 2°57 RO AT 1R 0D

v>0V72rnnnmg e
22N i —vT AR AT IR

~Vzr <v <0V IR 0N e
BPNn MY D NRD) —Ig DIR YIP i —v™ ORI AT MR
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v < =Vzi %787 NIKX o
23800 PR VY 17BN Red 71 12IR2 5o 1P2IRT A7 7R

TPONTTINT T T RIPIT VWD DTN Ay X1 77170 nPweb awinn $ap% 2710 IR
ATINN FIVTAY DX WO PR AN T 5TM 13 YT v ,(Ideal Diode)
(Schematic Symbol) 2071 12°0 "y NAZN 7TV

(TIR) + —>F— — (3TNP)

B 11152 0P oonn Pron P3IRT M ,ATT2 0 PP DR Phon whwnn
T3 i —v PURIR WY WORITRA 17T

INR nNRn TP nnnn

T2 RWT PORWNRT Mynwn

DBR 7177 DA IR (v < 0) 77177 2y 225w 1 09000 RS e
7P 2¥M W (Reverse Bias) *TWIN 7222 TTVIAW DR AT 23m3
(Open mMND 223 PR OMPNMD WHR 712791 R? A7PTIW 7¢O .(Cutoff)

JSwitch)

w=0 XM oY "2 nNRa IR 77770 707 Q1> 227777 277 DO TR e

.(On) byyn 2303 IR (Forward Bias) *27P M2°22 TTVTI0 D0 7T 2802

(Closed 7120 122 PRPR DAY WAR AR MM572 ATYTN 2220 N NR?D
JSwitch)

0P X2 (v > 0) 2PN NN 7230 VYW 230 O7p R? IONTNT 777720 30 1w
(i < 0) 5w 071 71977 oMY 23N
TP D WwaR 1% A P Y 1URIRD AW TR Iwn TR 9 0K 8D
nWBw Y 93w ,MIMIR NRT . Piece- Wise Linear) PYO1Pno *I821°2 12182 noy10
T9IYBN YR TR XD T

W WOPLTEN T v <0 o
YD TIN i >0 e
Sayni AR NI PYARPY MpPIov2 wunwaY PIRPD 070 12 3wnne N
UMK R PYRPY ye agnn wm 790 Ny ATTm ,07p RP AN pIvRe OX
Sayni NR NI PYRPY XD MptIova wenwn? oU3oR:
(53 wn ;x|
(Recitifier) T2 RIPIT ,ANR 771772 wHNWHT WD 23yn PRI RN

— LA O

+
Vin § R Vout

B —

O
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1000 Hz 9702 *017°0 MR K122 MWRD 00, (¢) ,RXM2 TNNT DR 027 X '737 vuWw
Vin(t) = sin(271000¢)

D
0735w 1WA Baynt NR N

SW 21T 0P IANRT IR RIOWDT DW 221N M Y3nD 79N onnl e
7T 199 (B ATpY) v 29own 2P ona arn (A ATIPI) nnni PR
TU0 IP3 NN M WTP 1A

A (720)
~) o
- +
+
Vin § R Yout
_ B _
-0

72
Uout(t) = 'Uin(t)

DWw *APM 0P AR IR TRIOWON DY Wi I XY Nl LY e
097 AP0 PN e TeTn 190 2w 2uiph ol vovhw nna Mpn
mnos MmN

A (mno)
O—e—o0
+ +
Vin § R Vout
_ B _
o)
722
Vout (t) = 0
(.D1°01 TN %N Y ]7TZ7) DomN°an Y DR bw3 ny>
— Vout
————— Vin
T T r ,% > 1
0 /0.001 /0.002

S0P T'RI0IPO R ARRING 77710 O°RIW 22D
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mno e 2.6

:N12°0 Nwn Layni NR 1NIP 5P R MR ’NATA
7372 NAR (Loop) 12°3y 23yma nIw” e
DWD 717177 DT UwnnYn e

IwR ATPIR yaua BRw Ny
2P 71T DT Ny Laynna nx nnak s TR
:79% mMuw nw 23

JIRNWN N2 MY P M e
Saynn n9yp Sw MpATn MRRIN I 1 AT M

.(Graphical Analysis) "2 777 e
Saynn noys Hw "nnnn” 15 1 ot mn

121 (Y% InmBw) AT ARIMYP2 wenw: T Y02 PRI M Moy 9rawa
23p% 11w MIRRINAA 712772 NPT TP AR MYXRRI M23pNnT MRXINTw
T PPT NAT AWINT R? TIPTI MR 2 RN IR POROTRA 7T 9T
JORTRT DT NP DHOMNN DAR PTAN DT NP 00w DY Tm? opn
PR Paynk onrnl LRPNT MY MNP MY Y DR PRI DY

A R,

+ vRp — +
V vp

Vbp
[
2w e 2.6.1

71271y 2°20 0°NNN 019°0% (Kirchhoff ) M27°p P Oy oo Y Mt

Vop —vr —vp =0
(Ohm’s Law) G718 217 MYXNR1 1077 o> 7377 2°20 NN DX O
vr =ipR
TN Y737 nNna DR NIN A7YT0 DRNMYN

ip

Z‘DﬁjsevD/VT :UDZVTIHI
S

A7PT0 ARNYR 70 ,12°20 nnnk T T77 0771 172 O DR LAYWNY 2D 25 MY
.12°20 A% AT 777 0717 1°2 nonn
:773PJ'1 7202y ARMWN2 TTTT NNR Pw a0 DR A0 NN DY At nx 203

VDD—iDR—VTanE =0

I

JLIR PINED NIMPI RPY R0R KD RN RO T ARMWN M10XW *2
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A M 2.6.2

Meon By DLLMWN WRD Ly 272 MRNN W PPPYR DY 00131 Y573 M
4 RN ]IND RIT NIMWPYA Sw waEn NP IR o —y

uOw XANT2 4,0 Lo ,inn 590 7172 o7 oranwnn Ctnewn Layn bw 0p7a mnta
dp 23N T O up AT DY $ORNAT NAN2 0o NYn UMK

DRNWA i — o™ PR DY FTPTH RN 72°IY0 IRNYR DR DuwIw 0"y Somn:
nIMa (PSR MRD) "20IYn

. Vbp—wp
e R
N1 7770 DR

iD >~ IgevD/VT

i—v MY Py MXMNT DR VW3 Ny

a7ayn P 7770 1PAR

(Q) 7Ty nTP3

T +— UD
Vb Vbp

ip = YRR=V2 YR MR YW PI2°NT R (Load Line) ATI30T 1P o

tp o~ IR yaua V1'?’N.‘l X1 (Diode Characteristic) T177 J7OIN o
IsevD/VT

DYap1 07 1921 PIPRI PRIN DR 0PY MM 71977 O AT DY nnnd e
ATIIYT AT DRIPI N TP MBORAT Mnpya I S wiaent nTipa
.(Q-Point)

MRID MR v oonye IR L,DUW 0°Payn May KPR SUPID IR 273 MDY ,DINK
TR 273 MY MM SWIR TIRK D73 MUPI R L"ANRNTD Paynt nwe nR
.0°71231m) 0OV PIOY]

om0 v 2.7

IMKR 1nI% 5p X5w 1RT NRT 533 DaR LD MPOm? 1P 0P P02 UNIw Payni
STTYTT NRMWR MYRNR

M2 91 W Y omn 7T DRNwn® P onnn ornb ovbTm v
JT°20 PYT NXT OnR PRI %1 Opnn

.D°WaNI 7201n1 RIT MNINDT 7201 IX ,Winn MTIP1 Ind 0w wro?
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vwom b 2.7.1

M2 Saynn Sw Ayen KD DRNDT TR TP IR VLW TTPT (PRIRD MM
P AT TR AP AT TY mATT 02 002 21T 0pni

0.6 V=1 5173 72°30 N KD P ATYIN 7T 0T MyRYR 07T e

MWOR TWRM ON) P37 Sayna MDA M2 TP T 0 0.8 VIR yn e
(12 Tmy> a7

Sw 5T 9702 0N IR 20N ATYTR 070w R DR PR 0N e
MR 5TI9702 00 R LATINR MTPTR .0ENRYN MIwY IR 01EnR7N
O 1950 ooyn

PR AW 0 PTR ATTI AW DX PUARNT LD DTMma oornyn um ob
1Y

0.6 V=i m2°20 7y .1
0.8 V 7y 0.6 V-1 m2°20n .2

O7IRDY DR 1R 1URIRA DR oM

.0.6 — 0.8 V M2 XY ,Vpe™2 00N paIR 1P "y AX1n TNRT ARG .1

rp™ Vpo 000797 (20 °892) - 30w By Vo2 Pnnn vawi pn .2
STTPT PRI 1997 0IRDD DR 1P 0 TARNA AN T 00N

19 12 DWRNwR YD MR W Oy VPP 2N P DT R vwemi 2T
STV DN P2 DN up < Vpo TWRD e

STTPTA DPna AT 5ayn 0%2°31 vp > Vpo TR e

Vbo
D
(77R) O—{I—’\/\/\/—O (.'l'n.np)

Sy Y IMNPWA DT DR 17D WOR e
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Ideal VlDO .
(77IR) o M || NN\ —o0 (.‘l‘rmp)

5OyBI MR RN ATPIW WA owomT D70 7Y 1O RPNTA DX MND1 Ny
TR 09D INON NN PR W 02T 20IPA TWRD LT YAy 13y N0 v an
D1pM3 TWRD WOW Laynn vuIWwR AR P02 Vpp > Vpg A0ND TR Dw
5T 2"y (PNPR 13912 A1) LPYEn MR Pw PNNT DR 2RI PwYnT 7T

WM T

R iD
+
Vbo
Vop — UD
D

Q17 DR ?777131 Q°nnn 015°0 ¥X22

Vop — Vpo

Vop —ipR—Vpyo—iprp=0 = ip= R+rp

07N 0°2°01 1A WPY Dayna
VDD =5 V, R=1 kQ, VDQ = 0.65 V, rp = 20 €
DAy 0T DR 2w

Vop — Voo 5—0.65V
- - — 4.26 mA
‘D= TR, 1+ 0.02 kKQ 6 m

:0°127 12 7ral
MBYW D3 72PN PAynT TIT DM IR Vop > V™ T 90 e
JIYWP 23MA AT WIT? TR IR Vpp < Vpo ORI e

nywin nwnan

MXRIDIRT IWRD 7P A0 IR 017 7772 AR A2°770 PXORIWIRT 70 TY
Anann AWRD 737pP R 0702 (23ynn 2577 DR MRORILIK 02 WMIRY IX) TYLH
D371 WRPA TR 1OR ATPIN LT Doya MR AT

Vpp = =5V MIMKR NRT ,pA0IT N°2vp NR 70w XOR , 8T Sayn? onona

_ Vop—Vpy  —-5-065V

P — = —5.54 mA
" TR 1002k~ ootm

Mm% 71577 11102 Payna 0w XX (2°YD 2302 TTYTAW) NPYLIT AN e IR
JIYYP 2813 77T M52 199 PWBR YA T M TP
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ip
+ l
Vop — Up
™I
ip=20

anY 2029 BoTaYR

DPayn1 YD ATYTIR CPURILPR 1DIRI) M2 T WA TOWET RPNTI
TI% O 0PN2 PRI IR T9PYD IR TP OR MY 5P Tnn kD nY 00257n
ORY ,NPIVAT MRXIN APPEN AN OR P70 0% UYY  Nmvion ANt oy onnm
287 NR RN 7Y ,( Trial and Error) 77%071 71072 75 Pwna?) ,nnR mino KXo
Sayna oIRerS K9 0°2°077 90 b myen

7YY DY AR 0N IR D09°YD DPAYR M1 1PI0%1 MeeoT 1an oy

yiap nnn bon bm 2,7.2
21595 poIT 5713
5oy KRS 7717 DR 0°107% W DR nnnni e

Soyan 2 77 Yw DATPRT MIAINAT e

2PYBI R TTVTA AN O9p OPW I 13 ]91 1 Aena TR © TWwRD
nnw 5op 57w xp3 o1 By oonant TR LAWK ATIPI P 2WNNAY WK IR
O1TR2 BUWR WD (Constant Voltage Drop Model) 137

12 +

WD PTM? TR LV 712220 NN WRD 2PYB MR N1 77T AT HTIma
mIPn oY Wwp "2, Vp DY ¥12p IRw 12030 nnmi Ban 199Ima 77T WK
MWD TN T PTIM AMYRAR 073y Mt P DT 2577 Nenanw Ul 977
XD OROTRI DMWY RIT DT P2 DTN 0wDmi DTmm PRTRIT DT 12
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Dawnnn Y12pn nnna on PTmaY ,m00mn AT 220 nnnn bona ho oawnnn
JTIOw 19X 12
JRD NRM 71 5T 08D owyn 77177 Dw noon

Ideal Vb

(TTIR) o—[>'—{|—o (mnp)

S132 o 5o BT myxnRa 1WHw XPATT IR N1 Ny

R iD
+
Ideal
Vop —— UD
;7 ’

Q17 AR ?777131 Q°nnn 015°0 yX21

Vop —Vp

Vop —ipR—Vp =0 = ip = R

21bw Sayma
Vop=5V, R=1kO, Vp=07V

:2ayna ot Nx awm

 Vop-Vp 5-07V
‘D R 1 kQ m

WD DTN NY3NK ﬂ'?:P.ﬂi'lW RXIND MW M AN ARXING "7
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3 P

=Ll /Ay i b Lty

W nnn pae 3.1

FPWD 1annnn 1uphR Pwon bw 1rn pon 81 (DC Power Supply) 2 1w poo
151357 91K 23 mw *83 ,0°35w myaIR H915 °0°02 nnn pao

-« [N,
Vpe | Voltage
<—1 Regulator

jplola] 53 9w n NIw

V ine 4
Filter Rectifier Transformer Line (t)

(Transformer) NI®

(Rectifier) 51 07
(Filter) 7100

(Voltage Regulator) 1n 101

N 3.1.1

0T P2 M3 (Alternating Current) ]’575’/7/7 1» DR RIS RIT ORI T°PREN
JMIVPYORA PRI PR wTR PTI 9T0 (27K 120 V) 220 VRMS Rw
yxann DC™% AC™n nnnm nn 7352 nnni DT PenR DR PR Daon RIwn
.onxn o2abwa

55011 By AC 1nn Sum WD .nuaamne 1205 By 091751 0°9°50 wn I3 RIY
XXM mAnR P2 o 2awn 920 DY nnm nMRIPAR 07 LI TR IR TR
2"y 7IN1 R12n2 nnnb

N-
Vi(t) = ﬁjvlme(t)

2507 Dw M35 190m R No™1 PRI 92507 Hw m>*57 990n KT N, WK
2w

PEDIM N2 NY ANPWEY switching power supply 712187 0°PE0 ANAWH2 IR 0217 XY 1K1
20°037
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by we 3.1.2

M 37 .(Unipolar) *3gp 77 IMWY? R W 00 P12 M 071 nnna wn 35w
MR VP N DN 7T MWERD MTPT .(Rectifier) 22 w7n MyRnRa oy
IR "IWN

R1212 0795 DYUP DR e
.(Half-Wave Rectifier) 217237 97 RIp3 DRI wnni 2ayn

.072arn? R12m3 0975w DYVp NBT e
(Pull-Wave Rectifier) 0o@=52 "2 X7p1 NRT Wi 23yn

5727 .DC 237 on (W ni RXIMI) 0P TR 9NT (WA X13n3) AC Pa0 T
e, DC 237 2o MMm 93 IR DRI 09wP3 R R DTN 3w 12
Dow-o31 W nn KX DO 2237 199 .DC 37 pPaid Mimn vxn pa bran bamoxn

5am=oxn wrn Sw o 07w D

bamexm W
7353 nAR 777 5910 maann Bamxn qwen Sw viws 0w uwas 120

O M 8}
+ +
Vi(t) Vo(t)
o —

:DC-7 AC i 2ayni TIn2 2w R’ 99

O

+ .
Viine (t)

O

Vi(t) Vo(t) < R

DA DR DY 7T AW V() ,Annnn PR nn nnn DR TN paon RV
000 U3 LRy (Load) Opyn1 By P21 9% 20w DA 12w 0oNMnn »¥na 0107
A732 3%1mW DD Y0P

At —V

5vyan yupa 77T DY PR NNkt DR 1Awna npYo N P mn
IR, V;(¢) > 0.7 V I3 2°y0 2305 77T DR 0%15779 70 e

Vo(t) = Vi(t) — 0.7
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Y YR 28N 77170 DA N RW2 .

0.7V~

ATYT S A2 aw 090 [0,77/2] PR PN RN 2@ MMHT yopw 20 mw
R 712791 AT IR P ,0.7 V2 yUan R12nA WRD NON M2 JORTR
573N IRW3 P0BR IR KX 2@ YUPT MD123 20N L0RN MPYD nnn

SR MM By PRI nnni YR XM 3 5w DC o7 :DC 250 awn
N1°71 DA b DO 290

1 (T
Vo(dc) = T /0 ‘/O(t) dt
1 [T/2
= = Asin (27t/T) dt
T Jo

A T/2
=~ cos (2nt/T) 0/

SR

ST MYRHRA R Sw DO 2097 1N LODRTIRT T DTN wnwa nRT B
5905 axw1 HRTR RS
23%0 Wk 7T 07 NN AP whw (%1 T yaus

omy> PR0N AWM RN AWNT bw PROI MW 72 TIMY? 7978 I e

) 25w RMS nnn Ry,
Vo(rms) = ﬁ‘fz(rms)

X7 77177 777 722 DAy 77 017 TR

Io(rms) = Vo(rms)/RL

MR TR YD KX T OR WD 5 X RMS nnan ;7352 Tman ¥ By RXIMT RS2
/R 18013 MM 7T 727 0w
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RIT 771772 poOnn
Pp = VDIo(rms)
Vro(rms)
Ry,

> ‘/i(rms)
V2R,

SOV RO IWRD TR DY DONA IAnA R Vp &~ 0.7 V WRD

= VD

RITW 71977 0172 18X 2710 02 TIMYD A% 77T e
A—-0.7

ID(max) = R;

TIBI7 102 12791 ,71XPDT MRY NOIDI RO 12X NN NNNHA AT TWRD @
T M PPwn mmen pona 22w o1 pran DaTIn wrni TP T DR
RO AR mRRR2 TINYD 19703 7T 7AW 0200 nnnn L% RS ayeIn
3% A% 195 L(PIV) (Peak Inverse Voltage) 372 7N 772 RIp3 118719
nbya 77T
PIV> A

R1207 NTPERRD Tayn MR DR XY PIV 025 Ro7 72w 03y

A wn
W5 Wi Sw 03181 DTN n MW DIw°
(Center-Tapped Transformer) 0y 02023 TW™N o

(Bridge Rectifier) 01 W7 o
JPRI R WAT WO 1320 AWAT W2 PN ARYNN2

O

:DPYVP "D TN 9D NR YN 101 118 O3

YL 471 3 MIPT LR, ,0MYT TIT DM 271 1 MTT 2vnn mmen oxn
LMY 5y IR Nni Dan NX Pawna npv1 or 2925w omby bon nnniw own
monnn 37 19% .Vp nnx 95 By 91 qwRd P Doyp 2¥n% mid1d1 271 1 mTrT IR
WK 700

Vi(t) > 2Vp =~ 1.4V
TIPT 2R N9 127y DY oonnn 00 'Y 1 yupa Ry, Py 9010 nnmni NR 2wm
2 7P Ry, omyi L1

Vit) = Vo = Vo(t) = Vb =0 = V,(t) = Vit) — 2Vp
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YL PR 27 1 MTPT LRy 0MIYT TIT M 471 3 M obshwn anman oxn
LMY DY YOI NNRT 9EN DR PAWRA 1pY O J0w o7y Dun nnntw own
m>nnn 17 195 .Vp nnx 53 By 5o qwRd pA Doys 23nb moidr 471 3 MTeT IR
WK TR

Vi(t) < —2Vp ~ —14V

TTPT 2R NP9 Ay DY 0onnn 010 Y 71 Yup2 Ry, DY DB Nkt nR 2wm
A 7T LR, oy L3

—V;‘(t)—VD—VO(t)—VD:O :>%(t):—%(t>—2VD

220V, (¢) IR 1MmR 5w A yupa 295w V(4)™ mRn IR
1212 MIRT NIR AR PHY w025 WwAT Wn XXM MR DT DR buIws

M717 DY AN WAT Wwn Sw DCTT 2007 My A Papr :DC 291 awn
SIENTN

1 T
Viw = 7 | Vet

1 T/2 T
= = {/ (Asin27t/T) dt — Asin (27t /T) dt}
T 0 T/2

A
= 2 fcos@myT) = cos mt/T[E )
%
i

192 21mxn qwm Sw onme 0w e e X3 W DCT 2057 DR IRON
AMXY %393 1373 (Packaged) 7172 12°BRY AN PIBIT KT WR SW AT M0

uen  3.1.3

PBOD WP RS PPIY R ,12°1 DC 2937 0y 3 p2an (W3 IR X)) 93w ni DIk
237 M7 A PEYT M"Y Rvanna AC D@ P 7 on XM NRN w0 nnn
IR PIEN VWD W .(Lowpass Filter) 02213 723yn 1300 "y mwyl ACTH

oMy 72pna o 1upbR P3P NaowT TR TR

N
O—
+ . « T - +
Vvlinc(t) ‘/l(t) C -~ Vo(t) RL
g - J—
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:53pn 5w Nyswn NR GMK 19INI RN

INR 2PW KRNI XY JI9M TR MR DY 2rni JUP2 RN WKRD e
R1201
Vo(t) = Vi(t)

3R X7 03 1yl bzpm ,]’Eﬂ'?’l"l;'l nnn PR MY 110 My ,12 OX

5P R KD YR Y0P TV IR MMRA 5w 09hwi yupa X120 TWRD e
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w
Vg = 7]€;If(VGS — V;)RDvgs = 7(05)(4 — 2)(5)Ug5 = *50’Ugs
{092 .7I0°102 TWRN 5 B TTWOYANR DY K3 300 ACTT 2957w a3
vg = —(250 mV) sin(2 - 100¢t)
IR MW7 NR OTPAT 01M %0 LAC MRD 1231 NE0MT MYRRRA U Twyn?
yom T2 Wow
AT IMR 5Y vp DR ves DR LUIWI L NRT WIATD 7D

vas,vp (V)

3.5 % % % % et (mS)
0 10 20 30 40 50

W IR R Vs = 4 V 9Y 2971 50 mV aTwbank bya jnnng 010 i
Dy 39177 250 mV 7T PEnR By 1y 0100 D3 RIT R 2aynT K10 RIw
M1 710°103 TIPDENRD RYIMI TTIWPDDNRT 172 O IR PIYRY T Vp =5V
T2 AR 732 MRID WHR .(13yn M a7 291 POyw DCT) 9Maw 200 7

SRR 71070 12 Yo
DI NRT2INI75 12N DY NEOWIY P WBR IR MY vl v, 20377 oX

W Layn My Sayn 9237 WK I L RXMT MRS 70%157 MR 1°2 yap o v°
ST 12X TN NNNT 7247 0337 R RIT ves™ LRI 1NN R vp

NI AN NATAIT TR L(1PP2 PO RD) Puibn IRD 191X 1AM A% NDOMI OX
vp D0 MWAT ,MIRPD APR NDOMM MRA IR v, = 0 VX2 JNR PR 1P
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MR NRT TR NTIPI2 23T AR 2wn? TR w1 (PRI 120 5D) TIRPY WK
Wgs = 0 MPDOIMIR R ves = Vg 2X12
23ynm 9237 My w2 Pap 1 TN wenw)

d 1., W
4, = 5 {VDD — Sk [(Vas = Vi)* + 2v4s (Vs — Vi) + 0, RD}
Vgs 2 L vys=0
1., W
= — ,kéi [Q(VGS — V}) + 2’093] Rp
2 -

w
_k;zf(VGS - Vi)Rp
NNPA1T2 1IN0W 0°0TYiT IR 2°X)
Ay = —(0.5)(4—2)(5) = -5

INMRIN T RN YOI TIDAD ONYNN DA 0 AN RIT A, Dw vbmmn Ty
OTIP 7P2PNAw ARXING PO AT 19 190 0T APpNaw WOnT ARRINT DR
122 250 mV Pw 00 XXM Y2pnn 50 mV P 00D 710°131 WROW NI

—5 PWw M2 1 m yemn

mnn Ny 4.10.1

92315 XM PR NDOWAT LMIRT DX DR MWD 092 MIRT DR 27T OD9RTIR 720
IR MW 02,77 22272 20NN DX 2IRPD WK 120 PURIRM RN T 120 ORTR
XXM ACTT

1. W
vg = §k;lf [2(Vas — Vi)vgs + vﬁs] Rp

,RNTS on N2

1
vg = —5(0.5) [2(2)0.05 sin (27 - 100¢) + (0.05sin(2n - 100t))?] (5)
= —(0.25 V)sin(27 - 100£) — 0.003125 sin® (27 - 100¢) (4.1)
1 — cos(27 - 200t)

= —(0.25 V)sin(27 - 100t) — 0.003125

2

200 Hz 257 DC 2271 X317 100107 ,100 Hz 5@ *0°0271 01°07 A0NW DKM
RZWT NXY DTN "NPART REWT DR DU 2792°3 KM MY OXA 2Rw? 10y v
50 mV 710°30 MR M2y DRI AWl Nw (vZ, K52 NIR NRY) IPIReD nKb

1P 73) 0.25 V 170°30 MR M2y ,CoRNY 573)
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vp (V) vp(V)

y

5.10+

5.051

VROV 4732 197 Y0 2w 0D ,—5 ODrnun AN 721 0pnn 1wl
5% 0.25 V=1.25 V210 7321 ,5 x 50 mV = 250 mV 72°7 XXM NTwbonk
2397 XX M2 DO R 5 V %Y 257 ACT MR 0pni w2

MRS RIITY (DITR) HPRRT RIMT P2 CMynwn 2720 PRY CHREwR 5732 Pha
MR TWRD MIRRINAT PYT AYMA PR PRIRPOW o3 1D .(Nw) RPN,
.50 mV 71017

APR WYY PIPIRPPAY P01 91 19°1 vORAR DTN ORMwn A2 1w TR
.0.25 V 710151 MR RS Np7MTR

AT 5w RN MY 0pAn RIT PR OR MIRTD 7D op MR ORIk I nyd
,87PNN ORINT PRI 7PN 2T A7AT Sw RT3y 07pNn IR ORnwn
MBIW 983 ,0.25 V £ 2 V ,07PN1 PR RINT 300 7IpR 25 mV < 2V
PIRPOR R RN AW DC HY21 700 2052 111D 7RI TIHRT RN UY1K
DRT ,MIRT MIPY2 ROX 7252 T2 1277 RO PRA1 4.1 ARMWRI PO TWRD DINR
AR AN sin?(27100¢) 1T 7 YNNI T OW LPEXA LMRT N IPW IR
bw 070 MR M2y PR J(—1) 12Ewa on (1) w2 03 1) 0037 DO WD
MR M2y Sown MTPIa on 0won DY RWA MTPI2 03 3.125 mV 10mn ,50 mV
0.25 V 5w mo%3

Vg (0.5) [2(2)0.05 sin(27 - 100¢) + (0.25 sin(27 - 100¢))?] (5)

1

2
= —(0.25 V)sin(27 - 100¢) — 0.078125 sin?(2n - 100¢)

MR DR DT DX 19 .50 mVE Sw 52 0B AR XTI ,78.1 mV qomm o

R 312070 PURRA NYDWAR M @0 1amd X2 D 7An M IR X 53 0%

DY P ROR IR PR 7R %302 A1A IR PP 0N, MRT 11X DR ANy 0a
.(Total Harmonic Distortion) 9919 21737 M7y X1 ynw 123> pIo3 y1x°a 71

120 T 'f'm'? kRt
\/ Ei>1 02'2
THD = *+——X—

01

TN B DR WA R o7 07030 N B YR TR R 0y TWRD

77



MOS 210 770°K317 Tw00°1w 4 P8 Jop X 57 4.11

:50 mV X117 KD ,XRNT2 onenn2

o = (0.25V)/V2=0.1768 V
o2 = (0.003125 V)/2/v2 = 0.0011049 V
2
oy - VOO0

NWNI APR I RN W25 0101 KD 5ONMMY DC 2037 1R MYyaw 1% v
ryh

WP MR PR 4,11

,TI0P ATILPENR DY MINwn MR 1IY° NA0MT NO°I52 TWRIW OTPR APY03 K1
N30 T NNER 7371 T APY02 Jupn MR °823 KRR 2373 21p2 A1 NEomT
TOP MR 5w ORINT 0pRn WK N0 YLayn nnib 1S Myw npowi b MRyL
.NBOM No*132

Siyma oInwn 0PN omAn MY PR IR "op MR DTN Rp1 a1 PTn
ny>3pb o3 AR *931 ,DC 30N DA 0NN Mol w7 1 1181 DC mnn
Jop MR 57nn Sw o unian

MR YRS RN L (Hybrid-m Model) *TP72%77KD 571 RIp1 NNaww ST
PPIYY 17 "2 MBOI .NPTR OAT Nwn DY 0013n 1 DT .nown bw Auaxn
5w »712m7RD BTNt Hw RO mD pxm ,00onrw? yaua ovar nwn Rwua
AXIPR MNP IS PRNDI 21219°37 TMOTILT PN NooMAT

0P 0219101 017N PTIATRDT DTN Sw DN 0 wnien Twbw

Gm 272V MOM e
id = GmUgs TV NTIPI2 0,72 g 172 O™ 7T 0B

rx WR12D MTANT e
Vgs = Trig 1112V NTIPI2 vgs'b g 1°2 0MR AT D

To (XXM MTANT e
Vds = Tolg 1112V NTIPI2 Vs g 172 0Mn A1 WwnAe

2y movtm 4.11.1
0NN Vg ,ITRYA NP ip — ves ™ 1DIR P 3I90wh MR N2ynn Moo

A 8Z'D
9m =

v GS lugs=Vas
0 w

1
= iy R — V)2
8'UGS 2 " L (UGS Vt)

ves=Vas

gm = |k,— Vas — Vi)
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N2» mann 4.11.2
]D’?'I ,0BR Tyw? 01037 07 ’1U|77?R"f N "y APy TR NE0MA YWY 171721

r;l = Oic =0
8’0@5

ves=Vas

797
Tr — 00

N2 MTaann

5w ANYEWR DR ip 7°DINA 91931 Nown Dw KXW MTANT M3y M $aph 1o
.12y 1IBKR

. 1., W
ip = 7/€;lf(UGS - Vt)Q(l + )\UDS)
2 "L
g
1 A dip
rt =
dups Vs, Vbs
o 1., W
= —k, —(vas — Vi)?(1 + Avps)
dvpg 2 L Vs, Vps
1., W
= Skp—(vas = Vi)*A
2 L Vas,Vps
1., W
= K — — A
5k (Vas = Vi)
= Ip\
1%
_ 1
T TN
21K XM NMOS 3901 Naom 5w 71270080 D7
G 7"r1 D
o—o0 O
T T
Vgs 1> gmvgs ; To Uds
o
oS

PMOS 2w 72 mx 71 4.11.3

YR D3 ,DIPDIRAN MY’ PMOST W TR ST DR nnab weaR
D71 11D N "y NMOS-1 57mn 193p5 qwar ,nvuiuor NMOS™1 My
AR XMW D5 ,0°TNN NP
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w 1
| _ N
9m = kp T (V% VGS) To ID>\
TR NN M 4,12
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I: — Vbp
U;
Vas T

WA NN RYTW 237 KX AR MY 002 DIpY %N
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1
I _ Iy A _ 2
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Vb = Vpp—1IpRp

YMANTOND DTN Pw Dovunasn v 4.14
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. 2T72TORD
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TP MN M 4,15

.NBOWAT P2 TP NIR 9T NARM DC MMpn 02K 7115 Payni bw jup NIk mns
DC 077 7Pn2 1217 DRY X2 w0 .07%pY 11 00axRDY ,DC nnn mpn "nw Layna
AR R2M MNP 0K RS 3ynT ampna pR1 AP 11 10ERY TR
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DWWT DR NXp mo°% Twax
D OF]

— o o

ImUgs
To Rp

Rp™ 7, DT2W 121 2oxnwn Paynn xna Dnni Jnn® vwa nom T tayn
T DY MXNA NN R vg IR L, || Rp PR 11 09985 waR o3 ,0090apn
P NNBT IR vy P 01985 DA O DI MRA g, v, DI TRIND DPWi
by

V4 = —GmUgs (To H RD)

T2 vy = v;"W T3 NYD

Va = —gm (70 || RD)v;

71071577 TN XXM NN 1”2 oo D I

bys REW AR 4.15.1

nRm LACTT 2097 T12Y PR 0 R¥MT ANN MY 0TPR APyoa bapnaw wnan
ACT1 22971 DC-11 2297 5w ¥ 197910 X R¥M3

vour = Vp +va=Vpp —IpRp —gm (70 || Rp)vi
DC AC

"2a7 4.15.2

7772 IR .AC™ DC=1 227 PR 9913 JuouT KXW MR 113y 12pWw 200 M0
912 ACT mMnn bw mREINDY ;7932 DO mnn bw mxgink ovonnn 59
5awynn 72272 e nyn wRD vaEa
SIOH 7247 I

A, & Yout

Vin

197 0in = 0;™ JUour = va WA DAYMI

Vd _ —gm (70 || Rp)vi
Vi V;

A, = = _gm(ro ” RD)

N12n mann 4.15.3

Jann b (Input Resistance) 8137 M71207 R 7127 M2°wn Sy A0 31%°2 TN
(710°1011 1pPn) DAy X2 S mxa DTN 17120 MITAANAD 9701 RI12T MTAINN
TITRDY oaynn X12ma Ly, 021 TN PR N2XT 'Y 17320 MTAANT DR wn> i

J1R2 WY DD iy, ,01217 DT DR
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MMVOTINY 23N N Oy IRPD Dayn MY P Mynwn Sy K17 NTAINT
Diyn Sw RN MIINT Jup MR? a0 ayn nvad Pax Rehn hayni iR
N naw X% NN TR AT 2030 NI NITANTT 0%y X 0TI
IR .0 e *28% Layna 01%nTN%a nnn NP 0ARD TR w1 1°Ian MATIn
;107192 P RIT 7230 Dw 7m0 Layn 1o MPnTnYan Mpnn 93 717w Nk
0193 DBRY MR PR iz, DR XD 02T MNND DOWHANYN NRY v, 7T MM
M23nmw 0TND WN B9 .NADY NARNT B9 PPV KT MIANT v 1mwn
i ,7TO%IN PR By TN ony KD

1w Payna

5y 92310 NR0MT WIw2 N 110 X7 ,NR0MA 15 MY N°PE0IRA MTAINAN
.5.10.4 7°Yy01 XY B 2912727 MO TV

N3¥Mm MmNt 4.15.4

mTanm D2 b (Output Resistance) N3%47 11703777 R Wb wN Y18 T
nR 2wn> o1 (omyiT) Sayni X3 Pw MK NTIPAN 1°320 MTANA2 DTN RXINA
:72 17320 MTANn

0715070753 MMpn oaR> .1

w7 IR ,0MY PR OX) 0Ny DIpRa DAy RXMA v, TR IR Mpn XY .2
(TRD RXIAT P2 1203717

Jip ,0I237 O AR TS .3
Qi7°3°2 O R MTAINAT

N

Tout = —

ly
DAy TN DR INNR 07372 oMY AR MIANT RO Imynen
P2 oY KD LRy 0Ny 0TIND 2wn 92 .MAdY MRN8 PPy Imwn
MTaNT Sy2 2 Hw xxmb XRNTS 12307 Ao oM Ta) N2 By AR
ANNBT? O oMY 23 P2 RN 0M .8 Q DIpna nm 100 Q R3M
VAR 12372 PMYyRYn
215w DAYNT MY NI DR 0T
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RN RIT *79I2°37 MUOIIGA PRIV XM NPPNIVPOR 7TV NR NND transistor
A1 0% o

DMWY APIIPYRA 93 vyna? 0027 71 P91D°7 MO I DTNy 11D Jwnb
MOSFET=71 *"y 075R0°T D2 132 vynd A2min R 02nKa

o
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AR XM 01D19%2 MO
B
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Emitter Base Collector
E o— (n) (p) (n) ——o C
TwnR 003 v
B

AXHRTI3 MITPT AW IR pn NN 3w Mo v onnn v 25 0wl
1071191 MMVOTINVIT MR MDY

(Emitter) 0519 R TWMN o
MPI MR RWT WRRT 1P MOPRR P77 IR 019557 RIT WART N0n
.1 207 T2 om0 Bya

.(Collector) vo1P ®
DYD DY AN AT MR 20 LDAMBPRR 27595 IR g108% R 0PI nown
i

.(Base) 002 o
DY X RIT MR 97 0P WRRN DAWPOR YT RIT 0°037 NNvn
5p oo

(037 V0TIV D°NNET Y
EB X BE 1007 (Base-Emitter Junction) T0IN"0°02 /1013
CB X BC 1moni (Base-Collector Junction) 091P 002 NX e

Mot Nye 5.2

Ty vaxn  5.2.1

0% WM TR DTN AIWDN 2ARN LADIWH "A%N AYIIR @0 1910030 o nnnk
77912 AR 595 0nN1 VDTNV NN YW DTNNNT

(Cutoff Mode) J1¥0% 232 o
(Active Mode) 2790 330 o
(Saturation Mode) 7177 2795 o
(Saturation Mode) /77117 331 o
.ﬂl?'IYDH 231 DX D270 D2NNXN 23w Dnnnnm Tl’mysﬂ "33 O°X2M 719203

[ BC | BE | |
PTAR | TN YR
MR | nTp >yo
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™I | P DR

:D°PnT 2172
2R NP NMkd 0.5 VT jup 12°20 nnnnw Nz omnI e
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D277 IR Pw 0y DR 2wn2Y IR P3P 022 IR W RINT DR 07p% 07D
7°20 77y Py2 Dap n'naa onns

01 =0.1 ,LLF

110°717 OTP0Rm 13N wn> 1N°3 0°2°07 IRY DX

2 2 2
Cy = %Cl - (‘g) (0.1 uF) = 0.05 uF
1 1 B 1
woVC1Co  2mfo/C1C2  21(2 KHz)+/(0.1 uF)(0.05 uF)

D 9237 Oy 7231 Sallen-Key™1 130n% M2 22379 7% Y377 *RINT DX 0P 71D
wnn

R = =1.12 kQ
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a0 M2 13.5.2
Jwupn 2705 M Y9123 TN 12w L2 13012 UwNNWR RNAT2

fo = f—SdB

0°10Mm1  .LAMAWAT 30N MY P NPPNNn T 73100 RN rans! 130117 970 WKRD
0% 7T ON° O*°pnn ROX DM OPR DIWR DN

kip
27TR\/ Cl CQ

o723y 71%°5 071 KIPAT 0°31MI P2y 13010 MIAY XD 0PN KW kyp TWRD
N2 RAW 22330107 M2Y 1Y (Damping Coefficient Correction Factor) 71077

f*SdB = klpfo =

J192v2
ki,  damping (o) 7301 20
0.785 1.732 Bessel
1 1.414 Butterworth
1.238 1.054 1 dB Chebyshev
1.333 0.886 2 dB Chebyshev
1.390 0.766 3 dB Chebyshev

"y OUNRT 0110107 M2y PYLPn 1T R 5w 197y NR 2wn %1 nyo

P R
27 f_3av/C1Co

5730 awna Laymi 22997 IRY R

Q"1 2°2°29 By Sallen-Key 130R  13.5.3

072’57 0¥ Sallen-Key X3 ,Sallen-Key™ 1101 NNOwna 701 7130 ¥21 Ny
73007 *52p "W 191 ,0°MW J30MA YT XY T Maana 20w

[Ri=Ry=R| [C1=C,=C]|

VWD DI 0¥92P1 OTAIT 22y ONPR Y913 TN PR DRI O

1 1
Wo = ——— i

VRiR,C,C,  RC

1077 OTPR NRNYR2 D312 DR 2°%3

o= RoCy + R1Co + R101(1 — AO) . RC + RC + RC(l — AO)
VR RyC1Co VR2C?

JI0°77 O7pn DY MR’ v NANTIY RN
PRI RN DN 0°2°37 Oy Sallen-Key ™1 1301

53pn
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550 DC 237 4

.2 770m 1101 WITT PRI RINT DR 0P 07D

(a = 1.414) B0 1301 WINT WOHW RINT DR 07P7 771D

.C™1 R M2y owRNn 0221y Nna% PIX 2w RInT DR 07p% 71D

M1 IR JP123 97N KDY YYP 17N 1P N1 ayeaw PRl LRC W 1wna nn
K1, = 1 TR DWW 07 UV 300 MY

k k 1
fosap = =L — RC=_—"

2rRC 27 f_34B - 27(2 KHz) =796 45

DORNMT YR PR TN AR wb 10 LR = 11.7 kQ 1R C = 0.0068 pF n23 OX
231 w17 PP . = 1.414 A% MWL 300 wRnd 0T
Ay =3—a=3—1.414=1.586

DR By ouwn R Ry D7M0 DX 2wn1 1XON

R
Ay =1+ ?f =158 = R; = 0.586R,

i
POX DITPA T NYyawn NR mnane 1o

RyR;  0.586R?

2R =Ry | R; = = = 0.369R;
ol Ry +R; 1536R;
9%
Ri = —2 R—634k0
Y0369 T
Ry = 0.586R; = 37.1 kQ
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14 Pm

=k tale

N12n  14.1

Qw2 .0 MR 0T D"”?’DPN D°2ayn MO 0NNR0 oYayn 213
D”5’3Pﬂ D2 (Clock) [y HIDNT SNMNA ¥12°7 MX2 74eYel 73l 71821 0°N700
:Q°%983 DTN MMR R0 01w

(Square Wave) %137 718 o
(Sinusoidal Wave) *27°K1012°0 N @
(Triangle Wave) 02100 MN ®
(Sawtooth Wave) M0 1N

.(Oscillator) 72 By ©2nNn 997 MMRIN TR 9D (Synthesize) 22172 13
2557 mmRT R 59D weR 1unnw 0027 MR NR NP RIT TN 7PN
(Timing wrn mx pPant 2ayn IR MMR 521 55 5w 10002 DR AT T

IR RwI2 TpRn 1991, Signal )

QUann a0 14.1.1
107NN N0 CIw DIw
(Relazation Oscillator) e

(Feedback Oscillator) 2101 71NN

(Timing [%I7 23y» MyINR 317 MR NP2 wnwn 995 7172 PWRIT 207
22 1171 KD 1991 ,onnp00 AP awpoRD W AT RN L5557 1D |, Clircuit)

77772 MTIN PR 2PN Wn MYINR TN 2ayn DY 001N Tann v own Mo
.(Resonant Frequency) 7T%IN7
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Wwn Tk ntye  14.1.2

D O Vout

Feedback

M Nwn LAy POV Ay 2ann 257n Payn b o1abn mow XM PR3
.(Bandpass) 09 773y» 1300 R Wwn 3yn 00N
I 28N W DAY D15 Payna

(Startup) 11377 e
(Sustaining of Oscillations) N1TUNT 017

NP o Sw Ry DY) 092N RN WY Y whnnn mMTInT nennt R 177
JRD K2 12777 '|"7.'|n Ren - Sayni 220072 (PN N

2WNT Iy 7T 2 LR yEmn vy 1
J23m7 X127 DX 0272y 12°20 % 02) ATIFAN 77N P 2wnn Raya .
210 23yn X127 DR DORIM 2307 7Y 07230 12°30 %7 081 TN TN .

2
3
J2°20 1% 01 TTVINT TN DR P Ty WwnT ayn 2w 4
wy1 12 oW 0T 120 TRRY WM ITINA0 TN 0210 790 NRR L5
ThR o2 ool

DID NP IENT W NN PrEoN KD whn wyld P nntw an T 1K1 .6
127 nxiy Sya o

027 WS 15 Wb v

nPAD TR (QWR+230) Daynn bw SP107 92300, mMTInT DR 2TNAD 70 e
SR T3 2w MR MM 902w 0 ,IIRN D1TA

X7 1My YOI PWW N ,ITIINN TN YO M1V PR 52100 Daymaw unin e
Oy (Constructive) YN 19X DINOM WM MR )7 7R .360° Dw 72000
OTPA T S nIRn
MR Oy 0oNoM> OPPa IR L(360° W 797857 IX) Y0BR 1R YOI MW WK
IR 2PTT WM IR SI98T IR RIIMT MR Dw D2 nxp ovpnn ,x:mn
Relpl /4l

DIyn AN DR NUwD TR L, NpEon AnxIyY YA MRT WKRD 0NN TR KD
IXT LTINS DIDY 2N TV ANYIY 7137 MIRT LD AR NRD NN IIRD
2Y1277 MR P57 KT 7010 NIR TANHA PRw Opn2

My Y RS RD 92377 DR PONRn Payn "230 T2 7vod Tz v ob
21297 575 MmN
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TNTWRE 14,2

2100 53y2 RC 08 7°2yn 1100 5y oo1an (Wien-Bridge Oscillator) 117047 7202

E(s) R ¢ E,(s)
—O
- - — R,
—_ l
137 730110 5w nMonn n»3pna
By - o) s/(RC)

Ei(s)  s2+3s/(RC)+1/(RC)?
:NT0NNT N773P1DA s = jw NAXT Y W1 3000 5w 9707 NN DR 17:!|73

R

B(jw) =
Ue) = SR+ wroC — 1)

591577 A TR, MTIN 2315 Y3 TIY 70 JAp R 72277 02300 May2
0”pP% wo ,ATIINT TN
Ay X B(]’u)o) > 1

T By nri TR B(jw) ,yBmM Ama kYR 7 Daynn bw Y900 [ 1

197 Jom

1 1
R2C— —— =0 == —
wo @ Y= Re

B(jwo) = & 1 77M

IR ,prE0n T MPY2 MTUNaw NR? LA > 3 I8 MTuNT R 2 nnab o ox
Ag = 372 12377 DR TR

2777 DY MU PR 14.2.1

Ag 232 W "y P I PRI, MTIN Sw 3315 AT 101 PR 130 10 TY
7T 23YN WIR Sw NYYI nw NP MRUXNI IR

PRI DTN YOI TINAAW MRD TR IR NN DR T2 1001 PR e
2MTUNT DR 0P 2T AR PYTID 237 DR P97 11 TR e

TVAPRIMIDY MITIT CNY DO RIW Dayna 550 DY DY N2annw Sayn Xl
wnn mTant by vbwb
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o7 14 s Colpitts Oscillator .14.3

Es) R © E (s)
| 0

| * -
—_—C R

R,

— — 31 KQ

< R,

1 MQ

279 X1 YD

MDY TR L(Ap) TR KD 72307 DY NI DR T2 Y LR, 0NPRIBDT e
MTPT RPD Ry 012K ,@iown 1op NXp LRy PR R? 1R AR 70
Xown D1 NXp T

YL P2 MITYTAY T 92 wikwn DI W 70 1237 Y 0m R; TAIT e

M nnn MTYT 0.5 V TI5an 9173 Ry DY w70 1973 TTI00000nRT TR e
qIY 5w PIUPERT MTAINTT AR M (19w T 2Xna nnx 93) P
Bn K9 9237 5w 9237 T 79N LRy 7

Ma% v MY Sw RS ROT MATINGT 7Y 0w MY DR POpie 010 e
Py MOSw 7R3 WwPw Ty T0RrIvIST NN

Au- 73377 Pw momIN 7792 DRIPI AR T PR ANTT DY UEIR Aohw
f I
.tomatic Gain Control)

Colpitts Oscillator 14.3

m9D .1 MHz 7y 0°770° 0°RNn 11 Tann .0°9ap) 0°TA2 whnwn PRTIwRT Tann
R Tann L.ov2°h01 o°%apa wrrw nwT  RFT 07702 Y9 AN 077133 0°7TN2
.(Colpitts Oscillator) p*05yP 72 XIT 71 200

MR 5w 737 AR A3 793 qup ,7nI RC Y12 pran T T bw 1oyt
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L
Cl
|

oM N Y1231 Hw 057 MM ,0°M23 oM 8°7TN BT 0P MR LC YTk 11on
©’ 71D 03 APRAY JUWR TWART 9231 P33 MBOIY 923103 wRnwne TR 22am
-5 DRI 07 7 770

MTINT NPNNT e
mMTINT 0P e

X7 LO1 Dayn Sw 7nnn 970

1
fr N 271'\/ LCT

IR 02 07y 0°0apnw 1ron JLCTT Dayn My CVPERT P1pn K O TWRD
;R ODVPERT PP

ete

- Ch+ Oy

AN MTINT 097 IR, LCT Dayn DY noniynwn 0nyn XD N2annw nIna IRt o

D°%3pR 717 0 TR LCT Payn By oonyn 33 wRd 2.L,C Payn TIn2 122
2NY YT MmN W oM orx 97hom

Cr

Saynm (aan 14.3.1

M2 5P 70w YUY TINKRA Payn LCT Dayn axT M3y M2 $ap1 nyd
ANTR TR 7231 DIPR ORTR MNN 7230 2%

1372 ARTRY O IR 2307 X121 O PROM IPRY 72307 KM O TR WK LCTT 2ayn ToRd?
.07 7P9R 0131 ROW Jar2 LC1 nPmD 0 XYW 1907 RDW 11701 0O
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o7 14 s Colpitts Oscillator .14.3

—O VO

Dayn 777 O 197 Saymmn O KXY XD 01973 KD 07T TR PR 2Aw 11o0
J X7 LC
2"y M3 TTINAN 9702 LCA Payn 0T nnei nnnan

TNRN NP2 DYT3 7P DAy 220 N3 TR MTINT DR nnIPw 7% 120

BA, >1
o 197

A, Of
N2377 YRR CUY WY AN JTPS P TR IR0 nnk DM mMTunTw anxb
o -5 5501

=5

7°on i LCTR Saynn MO 23 N2 TWRD o»pnn 55 Imanw e
Ww° wK> ;151 FET °1232 WHNwAD A3, X207 DR 0y U 9102 Naanw
W 2302 wnnwiT? 10°1 02 IR 07700 MW7 Ty DY 720

2°MN 2*ann 14.3.2

%P2 D177 IR 0°B01 O°TINR 90M DI .0°°D°02 D°TANM CIW 11D WX
.0139°02 nx5mnT Mnaok M0 N 0°p iy 037202 11y

(Phase Shift Oscillator) Y217 1T 702 e
par> Haon RC 2ayn 95 .2wni qay2 RC 23yn Awbwa wanwn a1 Tann
SRR L180° Bw AT AT WY YBIM JRNT MY 12T .90° Dw 3m yom N

RC-11723yn nwbw 717 180° v yom N1 Lapnw AT R PR TInnTw

(Twin-T Oscillator) e
MTuana Am2 j30n M5 oM °2ym 01123 2y whRnwn a1 Tann
JTNNN T2 Mwnann

Armstrong Oscillator ,Hartley Oscillator ,Clapp Oscillator e
o829 Tann% omTi LC 27ann 30 oR 9
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(Crystal Oscillator) PLO?P 710 e
P’Bﬂ'? J(Quartz) P72 1130 , 0237 MIDN2 wnNwn W23 X 77'(:70’7|7 Tann
TN

XIS NPIoN MTENR 03 AN ANYNR RIT a3 DY 1on prd Syom TwRd
,APIONT MITINA W TN MR ATORYN NN MPYen 0332 NTISNT MTINN
MPPNoN 5 NIMPN0N NPISNT MTINT WK AR Pw ITANT 770 XM

LSRR MmN

MA%PA N110n MTIN Poan X1 w3 5y nnn D9%un WRD o 77 12IR2
JTTINM 97N2 AYSRwn mTun

J13P 19IX WAANT DY NNnA DR WD KT 0332 MTINT DR 07pD Ap1oni
TN DWRM MTINT DR WY TUANT WD D3ym 1230 MY My i1 m
DWERNT D°OMIN DP3YN 0 ND DIWY ATTINT DR wIND 73 w023 OMR

JIRT
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15 »m

27N R DAy

N12n  15.1

:RINT 12 DH7PRRY 23yn KT RS Payn .0IRDD D9ayna 1poy 13 7Y

7Y IMR2 HRMT RXM MR PER R12M MR NP0 e

(X 11971270) NIRRT 73w PW 01505 KX Y271 K121 MNIX N 5w 0120 e
AT 12X 1950 DRINT DX noab 1)

T {aa:l (t) + b.%‘g(t)} = ay1 (t) + byg(t)

PRI NOIYR DR A% T IR
:0°pnn K2 1997 DORINA 2w IR DORINTD TIRY 2390 R 78275 &5 ayn

T{ax1(t) + bz2(t)} # ayi(t) + bya(t)

A0 Pw ovPayn Dw nvRPST nona by mwb awp T2y 0TIann B9 7772
D737, NRPD KD 729 Y25 1Onyn 0TI Dnye’? IR LMY 0°1100 071233
JIRT DA DR wnnw Dayn

neRn neRenn Bemn 15,2

nawennn n»pna 15.2.1

D23y .RXIMD K1 173 O DR 77 TARA PPN Ko7 23yn Sw NonnT n73pns
27N2 5NR YR By 0BRT DR IR W P RO N0NNT NOIPND 0YIRDY
MY NMONNT NPIPND NEY DR IZPY D931 UMK 1IN DR AN YIDWIw 1M
705 o2 MANTT IR AN 7N NN

PR PR D°2ayn2 .IRPD KD Ampy X7 D700 NPXPND 0IRPY XD D0ayn DR
X mPwea 70010 MR D712 %N NI NRD MWD 7123770 o N oy
NRT KX NNRA 7YY K102 NANT T 12 P O @ pOyNI Onaw nYIRDD
D7NRIYN 0722371 NYIT) Payna AW PR DMK

TN DR YRID 021NN NI

u(t) = (1)



DI XD 0Pyn 15 pID n7omn n3pns Somn .15.2

NR yxI% SNonw TT2 107 PRY NI LART A9 w1 PR yaaD 1wm
A9 279 I3 ARDT ORI DD LNINR MOWAR wan? IR "y noyie
Ty WRD 79yES NI NAX DD WRD LNTIRPD MPwe 1m0 T By mRed XD
7785 NN T 12D Bw nMonnn nYIpna  LORNR 230D YA R13n3 nnni
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Sw up 980M M2y 128K 07101 MR W NPAW PRI 01PN Sw MMPYT DR
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2oyuR nw Phmn 15.2.2

DPYUP 21w 590 NonN NPRPN 27pnRn Dayn Y wmn Px1 nyd
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DBR MITMNT NPY2 72010 771770 e

WROW IR 7R WO .0%28M NIOYT TTPT K12 0NN APR 13y M TR Ny
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Haknhidary

JITPT Dw 07T AR WK 71 w3 ubpnal
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? Ry || Ry R, R
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DoyuR 21 Ymn 15.2.3

D20 DYUR 210N T 59D 773 .0MRPD DYup 1w D Snon ke Payni
PRI KM *2D ,W1TR YOp P MY MTYT ayn

246



DI XD 0Pyn 15 pID

n7omn n3pns Somn .15.2

Ry,
R !
RB3
R
R R 5
lb—/\;\/\/—«—m—ﬁ_/\/\/\,_
R
—AAA

<
i+
+

07 D°yupn Sw ooy0wn

Ry
S1 = —E
Ry
Sy = ——
2 Ry || Rs
N
Ry || Ry || Rs
Ry

Sq4 =

"Ri||R2 || Rs || Ry
:D1°77 2y m'npz
Ry,

7V’I‘€f7

k=1,2,3
Rpy,

Ve =

mayn 15.24
:0°727 WS 25 MW

YT Y2 DORINI DYOPT P2 IR L0020 DOYLP X0 D1 DIR T D0MNY e
N By P NRYD XD Ahw 1D wrw NIk DR .MOPTNRPA N bw
Wayn owT? TR 1w Yy DIRPD oyup oe 01D .07Phw Ran

22w o nnn oy TaAT 11722 MTYT

Dayn 91935 % upw y9vw poand 15 5Ta mon 25w 25w D1 ywn e

2NN A3y T

0.6 V 72 R 728 nnn w0 NPT MIPT? LYPRTR MITYT U e
DI AT MMM 1913 AR 19°I% DYLPT P2 NPPNRw AWK ATIPIT 190

Jmynwn

247



DI XD DPyn 15 pID wnme 2 .15.3

sanea (aas 15,3

,MTPT2 VIR DRI DYOR 'Y N0RN N7IpNR 93 P9IND 1w IR ,0INR
NRT 07 NAR 071870 002573 wIw31 °Yap 191X NYIR NMPIRDY ’? NP1y 01w
.(Log) 3% n>1yn

Y 7230 DR 0w 1wnT I3 MUY N3RA 7Y wnend NIl Mhn nys
2RI XMW DD

77 2T AT D310 MO TILT ,ETA TRTRI X3N] D'?1|7-'H PR 0°027W 11°n
77T DRNWR Y N0 UI?WPTI

Ic = ol (quE/kT - 1)

_ B~
o= 775 ~ 1 TR
N1 KX nhnn
KT Ic
Vo=—Vgp=——In—
q I

79
Vy = fk—Tln Vi _ fk—Tln vi
° q Rzls B q Vref

R; T3 0"y 00 1N By vows 1 10 DR 0IR nnn R Ve TWRD

,1,72 120 OIR nRw Pon 1,72 191 ,ATENen2 MY Mo R3mIw 30 mw
Sayn 5% 7181 51D wINT MUOINLY MU0 TINLA TANwRT NIRRT M

248



16 Pm

P207 MR

N12»n  16.1

PO 73» 11NN 723 INRA 25w ¥R 1°9apn aupbR nonyn 9o vynol
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0 = E[(RE-RH) B
p

V2
+ (2 (Vbp — Vss) Rp —2 (Vg — Vss — V) (Rs + Rp) — IDZ;g) I

+(Vbp — Vss) (= (Vop — Vss) +2 (Vaa — Vss — V,))]
0 = (RE—R})Ip+ (2 (Vop — Vss) Rp — 2 (Vag — Vss — V) (Rs + Rp) —
+ (Vbp — Vss) (= (Vop — Vss) +2 (Vaa — Vss — V)
9771
Vip=Vop —Vss

Ve =Vag —Vss o

V2
0 = (RA-Rp)I}+ <2V13DRD ~2(Vag = Vo) (Bs + Rp) - ID2s> v

+Vip (=Vip +2(Vig — Vi)

a = R%-R%}
V2
b = 2V/3DRD -2 (VC/JG — Vp) (Rs + Rp) — P
Ipss
c = Vip(=Vip+2(Vie — Vo))
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GNU Free Documentation License

Version 1.3, 3 November 2008

Copyright (© 2000, 2001, 2002, 2007, 2008 Free Software Foundation, Inc.
<http://fsf.org/>

Everyone is permitted to copy and distribute verbatim copies of this license
document, but changing it is not allowed.

0. PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional
and useful document “free” in the sense of freedom: to assure everyone the
effective freedom to copy and redistribute it, with or without modifying it,
either commercially or noncommercially. Secondarily, this License preserves for
the author and publisher a way to get credit for their work, while not being
considered responsible for modifications made by others.

This License is a kind of “copyleft”, which means that derivative works of the
document must themselves be free in the same sense. It complements the GNU
General Public License, which is a copyleft license designed for free software.
We have designed this License in order to use it for manuals for free software,
because free software needs free documentation: a free program should come
with manuals providing the same freedoms that the software does. But this
License is not limited to software manuals; it can be used for any textual work,
regardless of subject matter or whether it is published as a printed book. We
recommend this License principally for works whose purpose is instruction or
reference.
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1. APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains
a notice placed by the copyright holder saying it can be distributed under the
terms of this License. Such a notice grants a world-wide, royalty-free license,
unlimited in duration, to use that work under the conditions stated herein.
The “Document”, below, refers to any such manual or work. Any member of
the public is a licensee, and is addressed as “you”. You accept the license if
you copy, modify or distribute the work in a way requiring permission under
copyright law.

A “Modified Version” of the Document means any work containing the Docu-
ment or a portion of it, either copied verbatim, or with modifications and/or
translated into another language.

A “Secondary Section” is a named appendix or a front-matter section of the
Document that deals exclusively with the relationship of the publishers or au-
thors of the Document to the Document’s overall subject (or to related matters)
and contains nothing that could fall directly within that overall subject. (Thus,
if the Document is in part a textbook of mathematics, a Secondary Section may
not explain any mathematics.) The relationship could be a matter of historical
connection with the subject or with related matters, or of legal, commercial,
philosophical, ethical or political position regarding them.

The “Invariant Sections” are certain Secondary Sections whose titles are des-
ignated, as being those of Invariant Sections, in the notice that says that the
Document is released under this License. If a section does not fit the above
definition of Secondary then it is not allowed to be designated as Invariant.
The Document may contain zero Invariant Sections. If the Document does not
identify any Invariant Sections then there are none.

The “Cover Texts” are certain short passages of text that are listed, as Front-
Cover Texts or Back-Cover Texts, in the notice that says that the Document is
released under this License. A Front-Cover Text may be at most 5 words, and
a Back-Cover Text may be at most 25 words.

A “Transparent” copy of the Document means a machine-readable copy, repre-
sented in a format whose specification is available to the general public, that is
suitable for revising the document straightforwardly with generic text editors or
(for images composed of pixels) generic paint programs or (for drawings) some
widely available drawing editor, and that is suitable for input to text formatters
or for automatic translation to a variety of formats suitable for input to text for-
matters. A copy made in an otherwise Transparent file format whose markup,
or absence of markup, has been arranged to thwart or discourage subsequent
modification by readers is not Transparent. An image format is not Transparent
if used for any substantial amount of text. A copy that is not “Transparent” is
called “Opaque”.

Examples of suitable formats for Transparent copies include plain ASCII with-
out markup, Texinfo input format, LaTeX input format, SGML or XML using
a publicly available DTD, and standard-conforming simple HTML, PostScript
or PDF designed for human modification. Examples of transparent image for-
mats include PNG, XCF and JPG. Opaque formats include proprietary formats
that can be read and edited only by proprietary word processors, SGML or
XML for which the DTD and/or processing tools are not generally available,
and the machine-generated HTML, PostScript or PDF produced by some word
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processors for output purposes only.

The “Title Page” means, for a printed book, the title page itself, plus such
following pages as are needed to hold, legibly, the material this License requires
to appear in the title page. For works in formats which do not have any title
page as such, “Title Page” means the text near the most prominent appearance
of the work’s title, preceding the beginning of the body of the text.

The “publisher” means any person or entity that distributes copies of the Doc-
ument to the public.

A section “Entitled XYZ” means a named subunit of the Document whose ti-
tle either is precisely XYZ or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ stands for a specific section
name mentioned below, such as “Acknowledgements”, “Dedications”, “Endorse-
ments”, or “History”.) To “Preserve the Title” of such a section when you mod-
ify the Document means that it remains a section “Entitled XYZ” according to
this definition.

The Document may include Warranty Disclaimers next to the notice which
states that this License applies to the Document. These Warranty Disclaimers
are considered to be included by reference in this License, but only as regards
disclaiming warranties: any other implication that these Warranty Disclaimers
may have is void and has no effect on the meaning of this License.

2. VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially
or noncommercially, provided that this License, the copyright notices, and the
license notice saying this License applies to the Document are reproduced in
all copies, and that you add no other conditions whatsoever to those of this
License. You may not use technical measures to obstruct or control the reading
or further copying of the copies you make or distribute. However, you may
accept compensation in exchange for copies. If you distribute a large enough
number of copies you must also follow the conditions in section 3.

You may also lend copies, under the same conditions stated above, and you may
publicly display copies.

3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed
covers) of the Document, numbering more than 100, and the Document’s license
notice requires Cover Texts, you must enclose the copies in covers that carry,
clearly and legibly, all these Cover Texts: Front-Cover Texts on the front cover,
and Back-Cover Texts on the back cover. Both covers must also clearly and
legibly identify you as the publisher of these copies. The front cover must
present the full title with all words of the title equally prominent and visible.
You may add other material on the covers in addition. Copying with changes
limited to the covers, as long as they preserve the title of the Document and
satisfy these conditions, can be treated as verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should
put the first ones listed (as many as fit reasonably) on the actual cover, and
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continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more
than 100, you must either include a machine-readable Transparent copy along
with each Opaque copy, or state in or with each Opaque copy a computer-
network location from which the general network-using public has access to
download using public-standard network protocols a complete Transparent copy
of the Document, free of added material. If you use the latter option, you must
take reasonably prudent steps, when you begin distribution of Opaque copies
in quantity, to ensure that this Transparent copy will remain thus accessible at
the stated location until at least one year after the last time you distribute an
Opaque copy (directly or through your agents or retailers) of that edition to the
public.

It is requested, but not required, that you contact the authors of the Document
well before redistributing any large number of copies, to give them a chance to
provide you with an updated version of the Document.

4. MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the
conditions of sections 2 and 3 above, provided that you release the Modified
Version under precisely this License, with the Modified Version filling the role
of the Document, thus licensing distribution and modification of the Modified
Version to whoever possesses a copy of it. In addition, you must do these things
in the Modified Version:

e A. Use in the Title Page (and on the covers, if any) a title distinct from
that of the Document, and from those of previous versions (which should,
if there were any, be listed in the History section of the Document). You
may use the same title as a previous version if the original publisher of
that version gives permission.

e B. List on the Title Page, as authors, one or more persons or entities
responsible for authorship of the modifications in the Modified Version,
together with at least five of the principal authors of the Document (all
of its principal authors, if it has fewer than five), unless they release you
from this requirement.

e C. State on the Title page the name of the publisher of the Modified
Version, as the publisher.

e D. Preserve all the copyright notices of the Document.

e E. Add an appropriate copyright notice for your modifications adjacent to
the other copyright notices.

e F. Include, immediately after the copyright notices, a license notice giving
the public permission to use the Modified Version under the terms of this
License, in the form shown in the Addendum below.

o G. Preserve in that license notice the full lists of Invariant Sections and
required Cover Texts given in the Document’s license notice.
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e H. Include an unaltered copy of this License.

e [. Preserve the section Entitled “History”, Preserve its Title, and add to it
an item stating at least the title, year, new authors, and publisher of the
Modified Version as given on the Title Page. If there is no section Entitled
“History” in the Document, create one stating the title, year, authors, and
publisher of the Document as given on its Title Page, then add an item
describing the Modified Version as stated in the previous sentence.

e J. Preserve the network location, if any, given in the Document for public
access to a Transparent copy of the Document, and likewise the network
locations given in the Document for previous versions it was based on.
These may be placed in the “History” section. You may omit a network
location for a work that was published at least four years before the Doc-
ument itself, or if the original publisher of the version it refers to gives
permission.

e K. For any section Entitled “Acknowledgements” or “Dedications”, Pre-
serve the Title of the section, and preserve in the section all the substance
and tone of each of the contributor acknowledgements and/or dedications
given therein.

e L. Preserve all the Invariant Sections of the Document, unaltered in their
text and in their titles. Section numbers or the equivalent are not consid-
ered part of the section titles.

e M. Delete any section Entitled “Endorsements”. Such a section may not
be included in the Modified Version.

e N. Do not retitle any existing section to be Entitled “Endorsements” or
to conflict in title with any Invariant Section.

e O. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that
qualify as Secondary Sections and contain no material copied from the Docu-
ment, you may at your option designate some or all of these sections as invariant.
To do this, add their titles to the list of Invariant Sections in the Modified Ver-
sion’s license notice. These titles must be distinct from any other section titles.
You may add a section Entitled “Endorsements”, provided it contains nothing
but endorsements of your Modified Version by various parties—for example,
statements of peer review or that the text has been approved by an organization
as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage
of up to 25 words as a Back-Cover Text, to the end of the list of Cover Texts in
the Modified Version. Only one passage of Front-Cover Text and one of Back-
Cover Text may be added by (or through arrangements made by) any one entity.
If the Document already includes a cover text for the same cover, previously
added by you or by arrangement made by the same entity you are acting on
behalf of, you may not add another; but you may replace the old one, on explicit
permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give
permission to use their names for publicity for or to assert or imply endorsement
of any Modified Version.
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5. COMBINING DOCUMENTS

You may combine the Document with other documents released under this Li-
cense, under the terms defined in section 4 above for modified versions, provided
that you include in the combination all of the Invariant Sections of all of the
original documents, unmodified, and list them all as Invariant Sections of your
combined work in its license notice, and that you preserve all their Warranty
Disclaimers.

The combined work need only contain one copy of this License, and multiple
identical Invariant Sections may be replaced with a single copy. If there are
multiple Invariant Sections with the same name but different contents, make
the title of each such section unique by adding at the end of it, in parentheses,
the name of the original author or publisher of that section if known, or else a
unique number. Make the same adjustment to the section titles in the list of
Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled “History” in the
various original documents, forming one section Entitled “History”; likewise
combine any sections Entitled “Acknowledgements”, and any sections Entitled
“Dedications”. You must delete all sections Entitled “Endorsements”.

6. COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents
released under this License, and replace the individual copies of this License
in the various documents with a single copy that is included in the collection,
provided that you follow the rules of this License for verbatim copying of each
of the documents in all other respects.

You may extract a single document from such a collection, and distribute it
individually under this License, provided you insert a copy of this License into
the extracted document, and follow this License in all other respects regarding
verbatim copying of that document.

7. AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and in-
dependent documents or works, in or on a volume of a storage or distribution
medium, is called an “aggregate” if the copyright resulting from the compila-
tion is not used to limit the legal rights of the compilation’s users beyond what
the individual works permit. When the Document is included in an aggregate,
this License does not apply to the other works in the aggregate which are not
themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the
Document, then if the Document is less than one half of the entire aggregate, the
Document’s Cover Texts may be placed on covers that bracket the Document
within the aggregate, or the electronic equivalent of covers if the Document is
in electronic form. Otherwise they must appear on printed covers that bracket
the whole aggregate.

276



11 5w o7onona wo v YT T a0

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute transla-
tions of the Document under the terms of section 4. Replacing Invariant Sections
with translations requires special permission from their copyright holders, but
you may include translations of some or all Invariant Sections in addition to
the original versions of these Invariant Sections. You may include a translation
of this License, and all the license notices in the Document, and any Warranty
Disclaimers, provided that you also include the original English version of this
License and the original versions of those notices and disclaimers. In case of a
disagreement between the translation and the original version of this License or
a notice or disclaimer, the original version will prevail.

If a section in the Document is Entitled “Acknowledgements”, “Dedications”,
or “History”, the requirement (section 4) to Preserve its Title (section 1) will
typically require changing the actual title.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as
expressly provided under this License. Any attempt otherwise to copy, modify,
sublicense, or distribute it is void, and will automatically terminate your rights
under this License.

However, if you cease all violation of this License, then your license from a par-
ticular copyright holder is reinstated (a) provisionally, unless and until the copy-
right holder explicitly and finally terminates your license, and (b) permanently,
if the copyright holder fails to notify you of the violation by some reasonable
means prior to 60 days after the cessation.

Moreover, your license from a particular copyright holder is reinstated perma-
nently if the copyright holder notifies you of the violation by some reasonable
means, this is the first time you have received notice of violation of this License
(for any work) from that copyright holder, and you cure the violation prior to
30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of
parties who have received copies or rights from you under this License. If your
rights have been terminated and not permanently reinstated, receipt of a copy
of some or all of the same material does not give you any rights to use it.

10. FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU
Free Documentation License from time to time. Such new versions will be
similar in spirit to the present version, but may differ in detail to address new
problems or concerns. See http://www.gnu.org/copyleft/.

11. RELICENSING

“Massive Multiauthor Collaboration Site” (or “MMC Site”) means any World
Wide Web server that publishes copyrightable works and also provides promi-
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nent facilities for anybody to edit those works. A public wiki that anybody can
edit is an example of such a server. A “Massive Multiauthor Collaboration”
(or “MMC”) contained in the site means any set of copyrightable works thus
published on the MMC site.

“CC-BY-SA” means the Creative Commons Attribution-Share Alike 3.0 license
published by Creative Commons Corporation, a not-for-profit corporation with
a principal place of business in San Francisco, California, as well as future
copyleft versions of that license published by that same organization.
“Incorporate” means to publish or republish a Document, in whole or in part,
as part of another Document.

An MMC is “eligible for relicensing” if it is licensed under this License, and if
all works that were first published under this License somewhere other than this
MMC, and subsequently incorporated in whole or in part into the MMC, (1)
had no cover texts or invariant sections, and (2) were thus incorporated prior
to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in the site
under CC-BY-SA on the same site at any time before August 1, 2009, provided
the MMOC is eligible for relicensing.
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