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at highfrequencies stray anacitancesandinductancebegin

honingastriable effects andalteringtheimpedancesthereby

changingthematchingconditions

wiresandboardtracksbeginhavinglargeresistances athigh
frequenciesduetotheskineffect additionallytheybegin
radiatingelectromagnetic waves asthewireselectricallengthbecome

shortrelativetothe wavelength

finitewavelength effects produce propagation delays
andphaseshifts whichmayresult in destructive interference

between signalsfromdifferentpaths
since lowpowersignaluse received the noisegeneratedatthe

receivermust betaken into account as it determinesthe

minimum powerthetransmittershouldtransmit



Chapter 2

noise cannothe removedfromthereceivedsignalbut it canbe

minimizedbyusinglow misedevicesandproperfilters
anotherpollenatthe receiveris intermodulation distortion which
is causedby nonlineardevices
noise randomunwantedelectricalsignalthat is added LAWGN

to thedesiredsignal

noiseis generatedby
internal sources componentswithinthesystem resistors diodes transistorseh

externalsources sun stars motors etc

noise is definedbyitsstatisticalproperties suchas mean adf.de
totalaveragemise deliveredto abad P In IIIMan
typesofinternalnoise
thermalnoise shotnoise flickernoise

thermalnoise
generatedin resistors ideal capacitiesandconductsdontgenerate

mean squarespectraldensity C xhttRtmwasaW
Thtzmannconstant

noisyresistsis equivalenttonoiseless resistanceplusnoisynottagesauna
E je

men



thatmeansquarepower E tht r a dbon w

noisynetwork can beconvertedto anoiselessnetworkpluswisesource

É ÉÉ
E SIEKTRAfdb

all thenoisepower is givenby R
E patient o 1 Hail'db Bn

shotwise dueto randomflectionsin currentpassing in sanction

purerspectraldensity in LifIt AUtz
totalmeansquaredshotwise In 24 Io

5h0 A

thermalandshotnoise arecalledwhite sincetheir aimer
spectraldensitiesare independentof frequency
thermal noise is additivesince it is independentof voltage

whereasshotmise is multiplicative

flickernoise lowfrequencyphenomenonwherethepowerspectral

density is inverselypisartionalto frequency

in a transistor amplifier noise is generatedbytheresistor
themed and pa junction shat



totalmiso purer can be foundby convertingall
noisesto voltagesandreferringthemtotheamplifiersinput

FI i
equivalentthermalwiseat input en's itAfftsamfiation
equivalentcollectorshotnoiseatinput go.mil bing.gs

somnertattrusltage

Av e g m Ry lescommonemitter

ensti Jia r enil its
equivalentnoisecircuit

example 3
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noise is generatedby realpact impedance

an Iifa state
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Ej 1 tht ran of I tht ftp.eedb
E KI noiseless

2 second approach
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thenoisepower was foundindependentof R since it is
dependentonthemisebandwidth whichis inverselyproportional
to R as follows

Bn fan de E Ite
therefore increasing R will increasethenoises powerspectral

densitybut decreaseits bandwidth

the 3dB bandwidth can beboundfromthefrequencyat
whichthetransferfunctionsummed lie Ga is equaltr E

foods Ewart I at fetch I



Availablepower maximumpowerthat canbedelivered to abad

interferon

for muse powertransfer Rs R ETEZELIEu
z a Zit matching

A matched as Usttage is evenlydivided i e E EE
P FYI ER II Maidformatched

availableoutputnoisepower
noisefactor is F amicableoutputwiseminerduetssource

Insisefigure noisefacts in dB NF 10by of 1

hiseynetwork is

Yi É É t saging
footed

in termsof input andoutput SNR
F Mt A Saas É F It

noiselessrotund

noisefactorisalwaysequationgreaterthan one SIT 71 IN an
the maximumnoisepurerGerHs available fromasource

Ni HIIIII kt o f n It It It
therefore thenoiseaddedbythenetworkis Na F 1 KT



forcascadednetworks I I E fi fi
totalpowergain istheproductofallgains G Gi Ga Gn So GS

totalnoisefactor is F NII
amino

I Na misoaddedbyeachstagereferredtotheinputofthenetwork

f
Ni t F 1 Ni Fa 1 I t h ilatest Fn 1 a

Ni

F F t fit fit t tatton
since thedenominatorkeepsgettinglargerthenthecontribution

ofeachstagekeepsgettingsmaller Thereforethefirststage givesthe
largestcontribution implyingthat F isthemostimportantnoisefactorto

minimize thus bownoiseamplifiersINA areusuallyused
t

noiseTemperature oftenusedto ronde highermmurrayandless

roundingthan noisepowerperHz
F le Ng I If F It Fromtementme

Tn F l T

receiversensitivity misefloorNe therequiredavailableinputsignalpower

to achievea certain outputSNR

Ili e f la a si e f Ni sin
METmin F KT B Eta
noisefloorNe



if theinset si is lessthanthe sensitivity theoutputwill notsatisfy

theperformancemeasure usingdistorted etc

theminimumdetectablesignalisthesensitivity in V

formatched Si FI Ei Fras
example3.3

G 12 t to 22dB F 10 Fa 18

f is YI 1.973

example3.4
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My 3.3714 W
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example3.6 NF 8dB Rr 502 INRI 0dB B 2.1k

Si FATB 8 a Aft MTBd SNRad 1Gt

Si 4.3415 W S E 0.1mV
tomtitjenny long s g a 152.9dBw 5.39 15 W

E 0.327mV



example3.8 08 NF 4dB Rs 2502 Be3kHz SNR 10dB

a Si A lately 18 155.2dBW

Ei Rs.a.i7 2.45 15 V

b antennawisefigure20dB I NÉE NÉE I
T G J t A NEntre F It do 20.0
Si NF htBldg SNR 139 dBW

I E 1.56 WN

designoflownoisenetworks

any linearnoisyamplifiercanhe represented as a noiseless

amplifier in additiontotenswisesourcesatitsinput thermalandsht

T.EEIjEE me

Ni Ekta Na Eh I p
a F NII thTEEigines

since Rs istheonlyvariable it mustbe reduced to reduce

thenoise



to findtheminima differentiatewithrespectto thevariable

Er It in Ee o

r É iii E
minimizingthenoisefactordoesnotnecessarilymaximizetheoutputPNR

becauseof mismatching

sinceallnoises are referredtotheinputthe outputSNRambe

bound asfollows F a METEtines
hencethemonimum SNR is whenRs isequaltozero

Therefore thereis a conflictbetweenminimizing SNSandmaximizing

it

This conflictis resolvedbyaddingatransformer betweenthesource
andnoisynetworkto isolate R

É ÉÉJI
takingtheequivalent circuitoftheabovetransformerreferredto
the r turn side

ÉÉÉE E

ISNato antifeminist



theonlyWariableinthealoneequationinN assumingRs is fired

formatchingthus themaximumSNR isfoundfrom

ME o at N's En tt tf
addingthistransformerthereforemaximizestheNRIsandminimizes

thenoiseforts

interimadulationdistortion

since somesectionsof a receivermayoperate in the saturation region

thenthereceiver isnotentirelylinear

the non linearity canbe described bythefollowingtaylorseries

expansion Ya Ea gtk bkmt.fm b

if tousadjacentsignalsenterthereceiver then
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Ye hi A coswit t ki As as wat t ka I It askwit t

AiAsLessfun wat as twist É t E asIWAS t k

É Itaskwit AAs asfunwat as itWr t É
I assure AcosWH AsCss rt

thisgivesmanyfrequencycomponentswithvarious amplitudes but

the most dangerousaretheones closest infrequency to our

desiredsignal as they may beincludedinthereceiverspassband

gaincompression

byexpandingthek term somecomponentsatW canhefound

k AI AIasGwit AAsLasGuwat as WDt É t ÉcosIWAS
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thesecomponentswillbeaddedto thesignalat w anddistortit

Ai as wit Stift ksfaitfalailasaitt

k is usuallynegativethusit willweakenthereceivedsignal

it ks is positiveit willdistortthesignal

if theadjacentsignalsamplitude is strong thedesiredsignalmaybe

lost especiallysincetheundesiredsignallend is promotionalwith

thesquareoftheadjacentsignal'samplitude

singletimecompression

occurswhentheadjacentsignal is negligibleandthe desiredsignal

compressesitself
satishreceivedsignaltodesiredsignal

gaincompressionfactor Aia KAIFIAI
thesignal canthereforecancelitselfcompletelyit ki I ksA

intermsdulationdistortion Ins

it w andWr are adjacent theneitheroneiftthe intermodulation

components 12Wi Wa a 2Wr wi maybe withinthereceivers

asshandb w Yo this IKA.inismfititw
intermodulationdistortion ratio Its theft shiftaesdu na
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interceptpoint

theuntriedinputsignalpowerthatgivesanoutputpowerequaltothe Its

try Mafia if a as Pa 415

n't AI Pd kidPi a poop

Pema n p 1k s Pa ki fi

Pina ÉÉYfi s t ki ME

to find theinterceptpoint Pd P s ki pi I a Pi Pe

PI rt Pina É
if ks is O thentheinterceptpoint PI is es

dynamicrange
inda misefloss

therangefromtheminimum'Signallevel sensitivity tothe

maximuminputsignallend

themaximuminputsignallenddependsondistortion ratherthanmine

the maximum inputsignalis theinputsignal atwhichtheintermodulator

distortion referredtotheinput isequaltothesensitivity

ISilmon Pali Isilmin

Penn In YI YI it
Tying ITT Silmon Pine



dynamicrange sa Y É
o in normalpowerunits thedynamicrangeis aratio whereasindB

it is si moredBW si mindBW EL PI Ne dB

example3.18 Rs 10k Ent 8 10 Vyas in 9 15 Antz

p thmfEI.tt 6 56

example3.11 Rs at EFF 29.8hr

F 4.3s

example3.14 PI 20dBm A Nf 123dBm

DR 5 103 95.3 dB

if a linear amplifier is connectedbeforethe non linenrecliner

or LET s aiming P

bsionerallsystem DR É A PI PI
Fate a Foye fit Nj fatal hi
on line
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EE524 homework I

3.2 ÉIhIE
applyingKCL EI Eo jWC EEF

Eo rt there at Ei tr
HW EE EET RIr.gr
Hut Ha Ha street atrium
Hal's affaire

Bu Shall db a stag III
r f s dB at H twodell I more Hail

I'tail moreat w o that
It was pitapat I first
44 bids Ri Ri c R Rs

fi da III
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tissuenij'd s sureclods

To 2000 ie a F 7.896 A Fr 18



Fate 9.896 13.2

fi min Fatal KT B a 1.585 15 W

µ III YiX ng d s sure rods

Fatal 7.896 WI t 101 10.59

Silmin Fatal ATBrainer is I 1.271 15 W

3 11 a
v

F a sateen
for 1kHz ti 8 5 V'la din 9 15 A H

f a 676 xx perHz

d Rs 29.814km f 481 18

3 13 019 fi min a FkTB f 75,7 5 W

b PI 20dBm 180mW DR É
DR 2.59 104 94.14dB

4 Fate ghetto 3 Ne GREAT
1.29418 WPalmw DRINK dB 86dB



3 16
a 0 ngNF5dB

Fate 10 II 13.92 Si min 1.67 5 w

if antennaTr 3000M F 11.35 Fatal 11.35 18 1 t

Fatal 24.27 Simin 2.914415 W



quiz I practice
I sanods

NE 3dg
963 2013 gNF 6dB

Gatt 36dB Fatal 18 t 18 0.5 1.433

IS min Fatal RTB a I 1.147115 W 99.4 dBm

Ei min GRntsitomi 4.99WV

I 9 11
Ga 3dB gas 20dB fNE5dB NF 8dB

Gatt 33 dB 1195.3

Fate v8 II III 2.09

NFatal 3.16 dB

I 5 min FAT B 103 8.28 415 W 100.8dm

E min 4Rofitmin 4.09 at

Rx
a Ii min re 18 KT 10k 18 7.985 15 W

T Paese t 20dam a DR É T Gimme ÉNe
DR 5.39 18 893dB

b fatal 100 105 1.22 8 min 4.88415 W
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first exam practice
11 2012
a

Fontenno I 14 67 3.09

Fatal 3.09 t wife 7.49
a Si min FatalkTB to 2.99 15 W

Si min 105.2 Ibm

ME min I 2.489WV

b 518N R 20dB 1181 min

So Silmin lo s No 5.97 5 T
A No F StB GiGr

a a DR É s DR 15 100 96.9d

B 4 628818
h lo ins

PI 5dBm Fatal 18 2.29 3.59dB

Simin FatalKTB.SK 102.4dBm DR71.6dB



homework I semisited

3.2 initialsolution

ÉI
applyingKCL EE t Eo jWC EEF

Eo rt there at Ei rt
HH EE IET RFr.is rt

Hat Hai ite after.rssffrgrac
solution d
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by following psst manssur's methodoffinding
thetheremin equivalent

5551 EÉ ÉEÉE

Req River Iifa r E E IIe
from the solvedexample Hal Fret
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3 13 as Si min fkTB 10 k T 3k 10 7.57 15

E miss testitmit 3.89 157 V

b Nf 7.59 5 W PI 100mW

OR 94.14 dB

C noiseless NF O dB Fil

F It II 1.0531 PI IE 1mW

Ng F'ATB f 1.264 5 W

AR 84.9 da



first exam practice continued

1212020

Q1 firstdrawtheblockdiagramofthesystem
Tenore Isis jigs syzygy f 30dBkiss

antenna cable

a Cristal B G IBI Gilds Gilda 19dB

Fatal Fa t FI t fig
Tn hook a Fa It 14 8 2.92

fatal 2.72 MI t f Oe

NFesta 6.06 dB
Tn F 1 T as Tn the 882 K

b 8 min Fatal k T B a 8.08NEW
8 min 100.9 dbm

d Ei min ERoffitmin 4.02mV
c I 1 i F la s I 36.1dB

A No FateKTB GaGo bn G 82 1515W

d sa E Ene 79.95

I 8 man DR Ne 5.04 15 W
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Tenore Isis sits snagging H 25dBkiss

antenna cable

Qi

a Gtstal 29dB Fatal or 6 Nate 6.84dB

A Tn that 3 46 29 1003.4 k

b Si min 5.64 15 W 102 5 dBm

I E min 3.36 WV f i NFtstalt a 31.49dB

G Na 1.42 15 W 98.5dm

d DR 3 PI Simin 98.3dB

r 8 man 24.2dBm 3.83WW

1112022

Qi a RC LPF EFFIE
Ex Ei jtrtt He fret
Must Fret

a Bn 1 11461 df 250kHz
usuallytruebutnotsure

assumingsignalbandwidth 3 dBbandwidth

As as at Freet t s f Ere 159
kit



b Costabust costarfret A Css 2Tfeet EFF

as ft fro fro t As feet s f 110SMI

thelocaloscillatorfrequencycouldhechosenas fee GIF
howeverit is usuallytakenas far fit to furtherseparate

thelocaloscillatorfrequencyandintermediatefrequency

C I amplifiers amplify receivedsignalsandreducesnoise

contributionsoflaterstages

2 oscillator enable modulation multiplexing miningetc

3 filters isolatethedesiredsignals

d As wit costar t as wit Gs it I I askwits

I as t t t Gs it As it

I Go it t t as wit t cos it I Gs i4ttGssw.t

win
e I mean se meansquare 2 Horiance a standarddeviation

3 probabilitydensityfunction E Durerspectraldensity

Q2
E soon

manons n singing 1 40dB
antenna cable

a checkprevioussolutionfordetails Cristal 29dB



Fatal 4.46 NFatal 6.49dB

Tnthat 1003 4 k

b Si min 3.59 15 W 86 5 dbm
r E min 26.7 UV

C Ni RTB 8 No W Na IF 11N 2.7685 w

r Ny Ni tNa Gata FATBGata 2.84 10 W

d I Gesso at96dB a SI Itta 41.46dB

e PI 21dam DR 90.3 Anti man 14.19dBm

intent iii it resistlossless 0dB
NF1dB

Fatal se for lo s t tf III 4 12

Ne 3.29 15 W 84.8Abm

DR 3 11 848 63.9dB

10 2014

a
Tru s p s S I 30dBG0dB
antenna

as fatal 15 183 1 1 4.77
Cristal i 29dB



Tn that I 4.4 200 1383.3 K

b Silmin FatalATB 103 2.31 15 W 12

E min 6.99mV
a Itm Fatal a 37.6dB 5740 1

C T F Mitts Na Ni F 1 1.9140 W

Na z F Ni Gato 1.83 1513 W

d DR 3 PI 126 4 303 78.3db
f mon DRANG 18.1 dbm

112013
Q1 a resistors thermalnoise diodeandtransistor shotnoise

b En oath E

Has free that Ert
Et ei.SI eeEdb en Ere
Eh E W V



Chapter 7

amplifiers arethemostimportantdevices in communicationsystems
Ainputahintent harmonicoscillatorsproducesinusoidalassignals

electronicoscillatorsconvert Dl powerto periodicACsignals at specificfree
harmonicoscillators areused in communicationsystemstoproduce carriers which

whichallowsbandpasschannelslikebreearetobeused frequencymultiplexingFDM
canbeused in modulators demodulators multiplexers demultistevers upannerters

anddownconverters
SVa

majortypesofoscillators
CIdleman shrink1 LL oscillators conventional

frequency isn'tprecisesince Land I aren'tpreciseandmayway

W s f É
sVa

2 crystaloscillator
gallatin shoesat

veryprecise

3 Voltagecontrolledoscillators Vca

outputnottageis controlledby aDCinputcontrolattage Rel
sVe

f f Va k
v4a grant

used in FM modulatorsandphase lockedboxPLL

oscillators are represented as unstable networks made amplifierswith

positive feedbackfrom frequencyselective networks



oscillators hometestatewithoutinnings insteadnoisetriggersthe
smilibin Va

oscillation I mite
An insetis assumed toderivetheoscillation conditions

Vi58 Amsilifies stoVa Vi the a on

seeingVa Ethyne ri

A Gas Hal I the closedloangainbecomesMtibinite implyingthat

therewillbe an outputevenfor Vi 0

the frequencyselectivenetwork Hal willhaveone frequencytr

at whichthecondition Gus Hai l is satisfied

Thereforethere aretwo conditionsfor btw Hwi l
µgamma pinsgs

amnesianomen

magnitudecondition lawdHail I

those condition any amita o É amenities

threedifferentannisaches toanalyzeoscillationwillbeexplored

I menfeedbackbox firstapproach
s
Guy th r aG o s

MY
Hane I jus I

a
bird G E H E
forIGitÉt myalt O IinmtimedomosanasutateHemmingem

commonhoseoscillatoranalysis amaterasu selectaHas y

capacitorCB is added toshortthebaseand



maketheamplifiercommonbasein ACanalysis panicled I 70
thefirststepis tochangethetransistor to itshybridTmodel

x Icare amisname

important equationsto recall

Ym 5 26 Ic BIB Bine gm

the Al equivalent circuitofthecommonbaseoscillatorhomes
withhybridT Alequivalent

neglected
ambitious selectiveHa camateurs skiing Ia 31

amv

on
1
I

There
r Im

Baggamtenst.sc o

next thefeedbackboxisopened

a g
k fam

iÉÉ É c

a 31im
Ri

I o c5
ME
II c

a 31

Bstigmata

Theanalysis of theACequivalentcircuit canhesimplified using

capacitivetransformation

ra
I c

onlyit etat Itis
finally Ha and GK arefoundas follows

Hal E v v iÉÉt Ea
d Gk Up gmt Zc GW gmZi



É at that tent jwleqs.t.cat
now wemustsatisfytheoscillationconditions

any it o r iight's o argon O

for anger 0 Gmustbereal I inreal
Herceg WIT w ta Wo LIE

phasecondition

it Zi Etta
GH 2 1 at resonance Gtwo gmBiffy

16 It gm 117kt Ica 71 magnitudecondition

example 7 I 20MHz commonbaseoscillatorwith 8 100and Ic Im

Req Eff at ri gtm

I I m a I
only if IT TIEB

we need 20mHz EEE and gm Itta Ici 71
Ym In 740mA e ni a gtm 25 r

n he Ri s Regt RiCITY
I sa fila ta

chose RL Req GHI I JmReq Eg ari 44
GHI a 4th 71 if 44 3 62 24

1km s wrath 347 1.01 nF



Cl 20.336nF A C2 7 O 671 nF

w If L It 0 283 uh
boundthroughtrialanderror

Resistors RB Rc andRE are chosentomake Ic 1mAand

tosatisfytheotherassumptions

Vat Icrc Eskimos
IE RE O U IE IL Is E

Va Ic Rc BE RE 0.7

Ri Rj Re É 11.3hr
Ic mustbe chosentokeepthetransistor atthecenterdo

theactiveregion to haveasymmetricoutputandonsidetrimming

large Ic isdesirable as it increasesthetrameshductance É
apoint

but a large Ic alsoincreasespurerconsumption andhence a van vi s

theremustbe atradeoff

2 Circuit analysis secondapproach

a resonantcircuitmustbeusedasthefrequencyselectivenetwork

to determinetheoperatingfrequencyoftheoscillator

This secondapproachrequiresthreeimpedances astheselectivenetworkand



a transistorwithfeedbacktoprovidegainfortheoscillator

i i m Iv g
i
In agar

ga

assumingRo is Merylarge a c are

1 Iot Ii Z V t z Ii tymV 0

D V Ii Z V Z I 2577 Ii z VIII o
foroscillation Ii andIn mustbe non zeroevenwhenVi iszerowhich
isonlypossible if thedeterminantis zero

from41 I z 73 V It ymz 0

from121 I Z V 24 0

Zi t 23 14YmZ

Z Ziff
0

a Ii V.EE

3ImzEgttgmze oxz

Z t Z I ET Zz t Gm2273 0

Zi t Zz 23 ZI Z 23 YmZZ D

88 r Zi fr BT T multiplyby Z



HEIKE Eeg ÉÉz o

imaginaryximaginary real

toreducepower consumption aloneimpedancesshouldbe

purely reactive i.e norealport

foeon equationinvolvingcomplexnumbersto equalzero
bothrealand imaginaryportsmustequalzero

z z saz o Eti't Éiy
a w ÉÉÉ o É ÉÉ

thereforethetourpossibleconfigurationsfollowingthis arrack
colsitter hartley

are a turncapacitortoneinductor h tinsinducts t onecan

31 s
a

Em

a
Colpitts

ex
hartley

practically the impedanceshoneresistivecomponents if we
inductorusuallyhasmuchmoresignificantresistancethancapacitor

reanalyzetheblitheoscillatorwith Zi rt ifWL É

Gegul t Ewe t ti Rt t th ht jwt t É BEat 0
nets rn ta Ge Fa O

mornin n wt wt wt E 0



magnitude condition RR s IIe E
d those condition W se cis

hencetheinternalresistancechangestheresonantfrequency asobservedfrom

thephasecondition however Li L if RT 77 R

themagnitude conditionindicatesthatthegainofthetransistorhastobe

largeenoughtooneresmetheresistivelosses

thereis anotherconstraint onthecapacitor astheyneedtobemuch

largerthanthestrayparasitic capacitanceofthetransistor

example 7.2 5MHz colpitts 10ult inductorwith
ÉhÉÉhoo

8 100
tagger RI I

ammmalleetrainit

T Wo 10MHz Qu WI
n on r I am ai

A phasecondition W Hey Leg 1013 18 101.3

if Ci Li Cr s leg II a L 202.6 if

magnitudecondition rn I IIe E A 50 778M

no 0.21T I c 3.34 MA

3 negativeresistance thirdarrack

ideally an excitedLCcircuitwill oscillateforever inreality theinducts

has alargeresistance boundfromitsQfact thatcausestheoscillationtoattenuate
munition c Int

w



equivalentintresistanceisanactivecircuit

to countertheattenuation a negativeresistance is insertedsuchthatKil A

theinputimpedanceoftheACequivalent activecircuit is foundasfollows

vi É give see so

hi I Katsu Ieee a

d Ie Ii Dc t Ie Rit 0 I i ke Ie ratka O

Ie Ii IIe Vi Ilka tked Ey la Bk

z If MatanIIIaa
if 24 sa rt and B 7 I

z site t É t Titi i
z ftp.t.it al wEgEiEm
Zi ni t Ier EE

therefore if atÉilwithresistance r is connectedacrossthe aboveequivalent
circuit it becomes a shittyoscillatorwiththefollowingoscillation

iiconditions
31 R

magnitude ri R

ITE y R
evidenttosendapproach

n.ae EEEEtI ne IE

phase condition Wo EE



chins gouriet oscillator

modifiedversionofthestallsoscillatorwherethebypasscapacitorCo
ismadesmallenoughtobe includedintheresonantcircuittoallowfor

Maija re ever
more freedom indesigningtheoscillator

a Ii
Wo III d ai É n Eigg ii m

example 7.4 fr i 1MHz 79 800 r Qu 200 gon 6ns

T KL w L a L 129.3 uh Re tf i t r

thosecondition III two Ci a E ome

needtinsequationtofind CmandCo 5 gin In fired

frommagnitudecondition YeaJimi'scan 6.16nF
homophonemtg 212 7 PF

pierce oscillator commonemitter

any EyaDios resistors are shortedanddontshuntthe
RE

tuned circuit whichgives a more stable firstconfiguration

frequency asme on

Ig It I ii
seaminalent ca

y
a Eco

RE
secondconfiguration

find GW and H stofindoscillationconditions



Her I Voltagedivision V V EEE
GK F Vo Iz Zi I z 9mVZIETZ

G gm Zi FELIZ
for GH 71 ÉfÉt 7 I

z It I Z jWL Z LIVE
an IE Evaige a

Get II utiwn.la IgmmYf
Im Gilt 0 s j wa flitch W Lali 0

share conditionwe t.EE
a WEEI I magnitudecondition

crystal oscillators
higherafactsmystic

frequencystabilityandprecisenessdependon theQ factor

becauseoftheinductors resistances the QfortssetLCresonantcircuitsis

lessthan 1k

crystalssuchanqitiity a ceramics are electromechanicaldevicesthatexploit



piezoelectriceffect Emma reverseresolution IE IEenamorandintroitsatamainenemy

the reverse piezoelectric effect togenerate nottageat aratedependingon
muchmoreacneandstablethanLcremains

the crystal'sresonantfrequency

a crystal is essentially a thinwaferbetweentinsconduetinestatessince

the crystalmaterialis a dielectric thecrystalbehaveson astatic capacitor

withcapacitance ÉÉ
the fundamental resonant frequencyof a crystal is inversely

proportional to its thickness

theequivalentelectriccircuitof a crystalismadeupofmanyressment
andthestatecapacitance

circuits in parallelwitheachother witheachbeinganoddharmonic

ofthefundamentalfrequency

the crystalscannotoscillateatmultiplemodessimultaneouslytheyare

oftenmadeto oscillateatoneoftheharmonies toachievehigher
frequencies howeverthe generatedsignalbecomesweakerathigherharmmm

thestaticcapacitance istypically intheFf rangewhereasthenth
capacitance is in the'fÉ range
the resonantfrequenciesatthefundamentalmodearefoundfrom



fr ttwo t juli
Z W l JCe N R t da t ka I RitfetfatinI
if Ri is assumedtobeverysmall Ze t.gl IEIII

hence resonance occurswhen Z W O n z w A

seriesresonance
1 for za o Etna t 84 o s hi wot

We

sethic's E t gun itÉ iÉÉÉ
feeisgenerallyusedindefiningcrystalsratherthanb

a relationbetween foeand fr can be derived to give

fu it E f itm f q jig
pullingrange theregion in whichthe

crystatiscillattedGreater

example9 6 Co b IpF 4 21F R 29 r fromtable
o Qu wit j wall In t Ey
Li o 057278 H TY Betti

crystals areusedinoscillators as eitherparallel a series resonators

If theparallelmode is chosentheinductor in singleinductor

oscillators e.g alpitts is removedand restoredbythecrystal

311
am

I
themagnitudeoscillationconditions arethesameforcrystaloscillator



exceptanentrustedrestoresrathemonisminducts

as LCoscillators

for achits crystaloscillator themagnitudeconditionis ÉÉts
Theresonance frequency isfoundbyreplacingthecrystalwithitsequivalent

circuit sa
EmmittmathematicsGettingEEE

iii mid
c

Wh I tII er m fit
if ch e o s f e Ia fi fr

t if cc o fo at fi fa
basbi b Sba

Therefore theoperatingfrequency isalwayswithinthepullingrange

sinceCL is in parallelthemseriesresonancefrequencyisinflectedbyit
thecapita inparallelwiththecrystalalsoaffectstheloadedQfactsofthe

oscillator

tofindthebodedqualityfactor R is madeparallelwiththe

resonant circuit Rp R I K taught
o

ite co 4 lie C L
o

a MEI Yt
increasingadecreasesfrequencystability

hence increasingCL decreasesRp and inturn theQfacts



the boded Q fort at a crystalreduceswhenit isshunted

by a resistor Qu IT Qu YET s Qa
commoneasewithmediumstabilitycrystalisfadedbyreafteramativetumbamation

a Rfc a ka

Ra Ca se

commoncollectswherethecrystaliboded
byRiRaandrebadstability q

R

a
e er

se

commonemitterPierceoscillatorcrystalisnotboded

byanyresistorandhencestabilityisveryhigh

R FVac

a
RFC as

I
ca ee CE

seriesmodecrystaloscillations

in parallelmode theinductoris simply replacedbythecrystal

whereas in seriesmode allthecomponents are left unchanged

andthecrystal is addedtothefeedbackpath

thecrystal inthefeedbackpathwillactas a shortcircuit if the

operatingfrequencymatchesthe crystalsseriesresonancefrequency



Go p I E IT
Tmnt c a commonbaseseriesmodeoscillator

m n
a I i n

F VEE

V try 4 Iggy
sameanalysisorunmentionedoscillator

theinductorisinthefeedbackpath

for a pierceoscillator thecrystal isinserted in serieswiththeinducts
mmindemitterattin

r at
ressionatt

fo f s 2ETÉ
e

e
Rfi Ake

the Q factorofthealonecircuitis affectedbythe crystals

resistance suchthat Q.net1 R crystalinstance

if a convertor is placed in serieswiththecrystaltheFinkel
resonancedoesnotchangebut theseriesresonancechangeswhen

thecapacitoristakenintomoment i

bi t aol.ggT t r o b's fa
if Cr o f's f

asthige controlledoscillators

aheatoscillator is requiredatthereceiver todemodulatesignals



he maytonary an oscillator frequency is to changethecapacitors

values

a convictswhosevaluedepends on theusttageacross it can be
Karatsun Roricandisde

createdbyusing a reversebiased ph junction

increasingtheusthige across a reversebiased pn junctionincreases

thedepletion regionthickness therebydecreasingthe
tonacitance

a conventional LC oscillator canbeconnected to a VCDby inserting

a karatsdiode

thetuningrangeof a VCDdependsonthecapacitancerangeofthe

Maractordiodeanditslocation in theLCcircuit

we e

r a

Ri ni
doxyoscillatorwithnarratordisdainparallel donesuchwithnarratortideinseriesallamanitainseries

f y min Ideation farmore IEa.im
atcommon

tuning range fo min fa more largerangeisbetter



fieldeffecttransistoroscillator

allBTTs inprevious oscillators canbeconverted to FEts
stilts hartley

4 c

e
I l

Ra 4

equivalentmodelishFET isthe same as BITwith Zi as

a s no gm gm Isssosome

the FET pierceoscillatorshownbelow is analyzed asfollows

As L As L

I i I
T V V H I if no two assumemeninnit

Va gm.it YÉÉÉx ka

r É t
be Git l WL wt wt 0

phasecondition W Eef
a magnitudecondition start 3 I
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7.1 H A G It V gmko.lk
It ym.lk A Va gmVi Zu G gmZi

d t Za Darker Re I I jWC I
i G gm fifth

an YI.tt i3 I

phasecondition any643 0 Im GH O

just jwc o fo I
magnitudecondition Mista 71 gin b no z

from thosecondition L 2.533 It for 10MHz

frommagnitudecondition ym 7 0.45 MS

7.3 the ACequivalentcircuitis I a
int I a m

Va 9mV ZL G I Gm Z L

v.v a a E
Ed Karren Ku Kc 73



2nA ga969ms

aftercalculating Ic Ri isfoundas 12.4 r RENRis ni

Git 1117 jwa t.fi gu

assuming that Ri 77 WLa

GH NWL t juts A jtwc ga
H Ith at fifty
G Éri É nIm att o w Hot
inductivetransformation

Lyta L 22 1.043 ult for 5MHz
magnitude condition KIT 73

however Wha Ri n La 41 n H
o I MIT I 4.87

7 4 thoseconditionfor a chittsFET oscillator w It
magnitudecondition ITF 72.5

fromthephase condition Coq 2.533 15 F

Rn WE E or X Rr i source

frommay condition C Cr E 8.06415

C Cs 0.51 nF satisfiesbothconditions

4 399 s af 4 759 pf



7 6 phoneconditionof a colitis w If
fr 3.5MHz Cea 1.38nF

magnitude condition an E Ita E
assuming C 2 2 eat 2.96nF A R GI 0.22

Ro E 122.15 ko
o

no 021 I This
Ic 7 2.13 10

8
A Minge mis ere AV

set A
in

homework 2 redone

7.1 Lil c f s 1 2.53 ult
o H I gm Ik

N G Gm Gk

G Lt 7 I s got 5 100 7 I

guns 0.449ms

7.3 equivalent WoEÉE5 I Ri Im gm 26

to find Ic L t É 300kt 0.7 Ic 2k 0

Ic 2.02 mt ri 12.9 or



RARE I Ri

inductivetransformation KEBILITY

Rilla the Reddit La

É E E É IIIT

re

alisittiittititirÉi
a

4 444244 4442

A Li Lu and Lili are neglected

Rp R CITY inductivetransform

Lith he and I I L E
re a.ME 1T nCIF E
Rp ri 11 1 1

I f Lt 1.01 MH for 5MHz



0
H 4Th A G 9m'Re
Gott gm in It Eh
G H 73 a La t Lt I 0.33 uh

4 0 67 ma F

74 equivalent circuit miffy
tambon Retro

me Ytt I ÉÉ3I i
f a 10mHz FIE 9 Leaf0.2533n

ÉÉ IB3 u re Q WL
ro 6.283k

G gm'Re Rps 72.5

If Rez Rp T G GmRp

assuming Ro Rita 4 5
Gute gu ri 441 72.9

627 1.94

Igt 0.2933 he

62 0.633nF a Cl 0.422nF

N GH 73 420.38nF e a 0.76ns

I



76 MEITEI3 imI
Rr e r It Re Q WL

G i gm Rp RaffRpa A free Rnzand

A He Is s Gita 447 I
n a MHz Fa Cent 1.38nF

Is 7 2134155 A N hah 276nF

L2 Ra FI 0.9 RE I so

Est RE É
s

sis comment init

ÉÉÉÉÉÉÉ
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fu 26MHz ITE Litem
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Killingrange fr fr 6288 Hz
Qu WE 51010

b p E ca t 32nF

bi IEEE 25.990MHz

a fr no change since series

fi fr Itf 25.9959m

fr tis fr

23 a 10 Is It 0.9 x Ic Lok 0

Ice 0.5mA a É3 jitv
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Leif 6.3326 15 F

n ri Ice Ri Dr moy

Gm 26
19.23mA

C E 3 113 nF

assume G 2 3.113 n f or Cq 1.5464

go 1.07nF

Co Leif t CoqCei CrCee

s a gate
Ison

Q2 HCs is abypass transistor that groundsthebase
co is usedto isolatetheloadfromthe DCbiasofthe
transistor only ACpassesto sett

53755 E I55
255

w w e
IEÉ I

b 08 10 t Ic IT to S t Ie RE 0
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Chapter 8

phase bakedbox PLL is a negativefeedbacksystem inwhichthe

output frequencyandphase are bookedtothoseattheinput

detects the tefillin k req b

bd Ed
frequency

limiter

thehostageoutputofthephasedetectsis aspsitionaltothe difference in phaseten O

thecontrolusttagechangestheoutputfrequencyuntilMEEE fr
at thebakedstate bit fr É Fiji fo N.fr
On Od 0 is required sothatthecontrolusthegekeepthe PLLlockedand

albustheV28totrackchanges intheinput
tracking dependsonvcsrange

lockrange
contain

mama

babamin fe famore
www.nnTminMgmFwevcxnsencvcors

Capturerange therangeoffrequenciesomerwhichthePLLcanlock

bet range therangeof frequencies oneswhichthe PLI canmaintain

it bikedstatequid
alessthantherangeoftheVcs

theoutputfrequencyofthePLL canbeincreasedby increasingthefrequency



albusrutobeusedunfrequencymultitierasynthesizer

divider ratio N T fo N f r f oÉ
theoutputultogeofthephasedetector isboundbum

Va I Ld Gr Od soshoredetectorgainfaithin Vsad

theVCD'soutputsdeviationfromitsfreerunningfrequencyis

aw EFFIEÉistic w we t koVe

theoutputthose isfoundfromtheoutsetangularfrequency as

W DE Go f Wo dt
attheoutputofthefrequencydivider thephaseandfrequencyare

be Go E
thereforethelinearized Pll'sblackdiagrambecomes

E And K Fa k hg to

be GI Ernest

N

thetransferfunction canbefound as

EI
ka Fai he
I t ka Fai by I IIE

whichgivesfourparametersthatcanbecontrolled ka ko Fal andN

afirstorder PLLhas noboyfilter hencethetransferfunctionbecomes

Far l Ident Ifs are heft
mÉGÉmmmm TIE



if afirstorderbwpotfilterisusedas aboyfilterthenthePLLisconsidered second

ordersinceitbehaves as a secondorderLPF

I t.no É k ng b
Eriksen

Do

N

Fa free wht we're

IIF e kakowa
LtD J t hakWI

Nkr
acts ta t ku InFEEa 1

Tim true 255 WE kr the
alutterworthfilterhas adamningratioish f andits 3dBbandwidth is
equalto itsnatural frequency Wh Wa

the 3 dBbandwidth canbe calculatedfrom

Wh I Wn 1 23 2 432 439

and the rise time is foundfrom En F Egg 10 to90

therefore a largerbandwidthgives afasterrisetimebutincludes more wise

therearethree categoriesofthosedetectors

I digital 2 analog 3 sampling

digitalphasedetectors

l XOR thosedetector Gg f
highit on Ed



nordutycyclemustbenontitiantantarareestinen

theaverageDCvalueofVa is UdeI
2

no
tr t at a St

I at t at istthephasedifferenceisfoundfrom
if at at at E EstGe Fa Ed I tr s t E de

scannermarmeneman

whenVac isplottedas afunctionofde s athose V
a a a st

ambiguityisnoticed Vac If deEtihe aimedbothersomesame r

2 set reset Rs flipflipphasedetects

solvesphaseambiguitybutrequiresverynarrowpulses
ht HMMMMM

theanervgedeullageof ra is we II
nod

t t

be isfoundfromthetimedelayas t t
se

de for ed It 2 E E be equivalentto the far

Vac VE de ka YA kid as L ka nor

ifVik isplottedagainst be it canbeshservedthatthereis y
nophaseambiguity sincethereisonlyonepulseperperiod

theRSflipflythosedetectorhasthedisadvantagesofrequiringverynarrow

pulsesandmonsstallenihratsinputs

Analogphasedetector miner

Iftheinputs me sinusoidal a miner multiplier canhe s

Vit
usedas aphasedetector



if Vi El A CssWot A Vr E An sin wot td

I V t Fbi via Val KII sing saidsina.ttas
age

Vic V a line n tÉ sinas
ji

memento

s a

thisphonedetectorsuffersfromphaseambiguity non linearityforlargerthose

shifts andVocdependingon Ai inadditiontosinall whichisvariable

for smallwolvesest theminerthosedetectorislinearized as

Ude I KAIIpain
manmm

theperformanceof aPLLdependsonthecharacteristicsoftheVCD

theVCD'stuningrangedeterminesthetrackingrangeofthePLL

the rca'ssaints n ÉÉÉÉEiÉÉ
precise

aeratesinlargeeinenresin

theVCHmusthavehighfrequencystability fastresponsetime highlinearity andhigh
surelysinusoidal

spectralpurity

theboxfilterofthePLLalsoremovesharmonics producedbythephasedetector

andgivestheorderofthePLL

passive changepump activechargepump

t see i
are

n
a rare et
I sVc

Vc In It
cutoff we

K Mi It Va



PLLapplications

1 trackingfilter
Miho bi ps Va Lpf k k y

filteredsignal

bati fo fo
N l

functions as afilterthatremains centeredat fi despitehoriations

2 phaseandfrequencymodulation

using a V68 alonefor FM modulationmaynotbereliablesince

itsfrequencystabilitydepends on an LLcircuit

instead a PLLwith a crystaloscillatorinput canbeused as astable

frequency a phase modulator

an
oscillator
astir on

pg 4,5 Va E a
N

theoutput isfoundfrom

ans ÉIi E_mail.EE
assumingbookFIT I and On a Lit fr

as a Nana Nyt



b d Eiji Eso get em
man

phasemodulation phaseislinearlypasstionalto ME

frequencymodulation frequencyislinearlysymptomto ME

aphasemodulationcircuitcanbetransformedto afrequencymodulation

circuitbyinsertingmetinto anintegratoratfirst andwieversa

if met Am sin Wnt

b El É NITTI as Wnt
fact e f c If as IWnt sit 20beeating

3 frequencydemodulation intent
myengine wasame

Integrationistmeinebi't ps ke Lp f k k y
both
noiselessFMsignal

getsama

N I

sincetheoutputoftheVCDisthefrequencymodulatedsignal then

itsinputmustbethe messagesignal

N I l s f El fill r f its a vets Kes a me

thetrackingrangeofthePLLas demodulatormustbegreaterthan

thefrequencydeviationofthe input FM signal

TR 26 W man 285thVc man



4 Carrier recovery synchronization

in coherentdemodulationthelocaloscillatormusthavethesame

frequencyandphaseofthe receivedsignal

aus wit th

n

LPF
t

PD LPF VCD

ve AI met by a t AIME asC2WattD

whenthe PLL is locked 70 therefore

Va t II me
integratedcircuits Ilo reducesystemsizepowerconsumption wise

delayetc as composed to discretecomponents

MC 14046 B is a CMOS PLL IL whosepin diagram isbelow
looks

Amin REEF
pen sman É scam omean

front fmin R 32F
Rodin nLuca k 2 I
him

I gain

vase Fi V28f lo kn s Ri R S IM r
e 5 Ink

inhibitcamerasane

A 100PFC C C O 01 nF transitemanates
a d seat to source e

followere
ok 150389ohmÉ Inseam Vy o

8
o
amiceYanis connections

constantintrorse



example8.1

1storder TF Iftar ku kid
f 1MHz N Em to

a sur 2085 lot TF III
BW at OradioTF 40 at wa TE Er IIF n

BW lost radio

example8.2
o
Z t t.IT Wi Ikr 20Trolls

Lutterworth s Wn wit not a titiittiadij

n tr IT 49.5 ms

example8.6

fr I 2 4h43 f a 100kHz N 40

A secondorderPLLLutterworthfilter Z

23 Er wi ta ku kid
assuming fmin 90kHz and front 180kHz Ca Inf

Ra 10 skimmer 10.97k It
a Svea L TIME 80.983 18 radioN

for Kar ka VE VE Ft 2.864 4rad



Ku 5.986 18 Hz Wh 11592 sadly

Wh 8182.6 meds 2604.64Radio Wh BW
o

we tyg if 12 1 F R 86.42 ks

w.mg iEE I J
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8 1 fr 50kHz A f 1MHz N 20

kd 2 Vinod ko 100Hz V 200TRadioV

Kv 40501 204 Hz

transferfunction LEE
tr e Tat r wa Lot to 35ms

if f 1.2MHz N 24 ku 52.36 43

to 42 ms

I fr e 40kHz A frequencyrange 400kHz

95 8 differentfrequencies possible



8.2 a We Wn i Wn Ste d 23 WE WE2kV

I Wn 28.28 T Rodin Wen BW 19.14 Hz

b 08 ku 52.36 Hz Wn Wh Se 05 radIs

BW 11.79 Hz

8 14 Obvs 2kHz assumingUss 9V ka 1995.2rad

demodulator TR 28Wmon 2kokVcman 12682 ka VE

assuming C0.5nF R2 19.0 kn r R 18.6 ke

if BW 2kHz and 3 72 Ruf 48.6kt ACpf2nF



Chapter 10

frequencysynthesizer devicethatgeneratesmany precise

frequenciesfrom one or more
referencefrequencies

frequencysynthesizers areoftenused as variablelocal

oscillators fortransmittersand receivers to select a

specificstation an otherwise
LNA

f fIF f rF floIF
amy filter

fr frequency
b

synthesizer iurement

control
b

brat far ban

frequency synthesizers are characterized bytheirrespective
frequencystage and frequentlyresolution incrementasteel

maintypesoffrequencysynthesizers
I directfrequencysynthesizer

2 phasebakedbox frequency synthesizer
3 directdigitalfrequencysynthesizer willnotbediscussed



I directfrequencysynthesis
directfrequencysynthesisis an stdmethodthat usesharmonic

generation filters dividers andminers

in thistechnique a referenceoscillatorwith narrow pulses

excites a harmonicgenerator then atunableBPF selects

the requiredharmonic

i
angle

mmmm

reference harmonic
generator Bp f

nbr
oscillator

the tins decadedirectfrequencysynthesizershownbelow

can generate91 frequencies from18 reference oscillators

on so
nine c

ee
I nine

oscillators oscillators

f I frI 9kHz 10 10kHz

Tunable ba fit
BPF 1 I 49kHz 1kHzincrement

designing a tunable BPF with anarrow passband toselect



oneof the99frequencies is challenging
the complexityof aBPF dependson themixing satin

2 by batsman ra complexitya

a small miningratio is desirablebecausethespacing
betweenfrequencieswillbelargewhichallowseasydesign
ofthefilter
double min dividedirectfrequencysynthesis

offsetfrequencies areusedtoreducefittercomplexity asbelow

Ifi r

Bp f bi th
f g

BP'F y
f

f
so

2 BPF 34BPF 3Xmixer 12xoscillator

f bitgtb tf
or

nine If y fam
t bi thetbr obi

Daillatny s f fi tft 10frequenciesgenerated

is enigmmignated
thenincrement looks
bonyrangeyay y

th s 4

tobtooosits

fi bi andfr are chosensuchthattheminingratiosofthe
two mixers are closeto one



two cascadeddouble mix dividemodules can generate 100

frequencieswith a 10kHz resolution threecascadedmodules can

generate 1000 frequencieswith a 1kHz increment

Thethreecascadeddoublemisc dividemodulesshownbelow

onlyneed 12 referenceoscillatorstogenerate 1000 frequencies

with a 1kHz resolution
e

bi lamodule bit module 2 module 3 10
giga a a a a a
nameevent

fi batfi fi batfi fi fate

2 PLL frequencysynthesizers
Ptt frequencysynthesizers are low costandonlyrequire a

single reference frequencyto implement any resolution a

range
I simple PLL synthesizer

fr phase be
detector LPF VCy

Engineer
frequencydividerIN

digitalcontrol



whenbiked fr fr s f IN fr

theresolutionis fr andthe range is formin tobe man

Nmin time A Nme Fit
This simplePLLsynthesizerhas his main problems

becauseofcountingpress
1 programmable frequencydividers are slowdevices

2 theswitchingtime to ofthePLL is inversely

Xxsitionalto the referencefrequencyIii to 2

2 PLL withfixedmodulus dividerGrescator
fo NPfrfr phase

detector LPF VCy

Imi P
fined

control

thissolvesthefirstsullensincethe prescolordrop
thefrequencyto be manageableby the programmable
divider

be n NPbn fane Ntl Pbr
increment P f r kind5

5MHztobecompatiblewithmopammabledinner

Num FI Naman FIT



thistypeofPLLsynthesizersolvesthefirstproblem
but worsens thesecond sincetheswitchingtime
toachievesamecessationbnbnthisrusynthesisemustbesmallerthantherenren.mebanneratan bonesTd therefore trnewptsshe
becomes larger

3 PLLwithdualmodulus presentssynthesizer
for those ba

detector LPF Vey
e Wh

ebe
Ite he

st

mangy
ma

N A
no 111control control

thepressalonheremakestheresolution for instead d P fr
senatorisreal

themoduluscontrol ishigh for A cycles andtil fr
N A cycles

theoutputfrequency is foundus

ba D fr IN A P t A PtQ fr
f PN fr QAbn

if Q SP thentheresolutionis a fr Q isusually
chzenmhtits I

AsnAminsignalswillonedan

f a PN fr t Afn P NtAp fr



therangesof N and A are foundas

Amin PNmin Amin BEEN

Aman PNmon Amon bagmen

theprescalars arewrittenin thefarm Ph e.gEfi's

many PLLFS Ils exist somehavefrequencyhopping
randomlyhastoadherentcarrier

spreadspectrumcapabilities whichhelpagainstjamming

4 PLL withpsst multiplier
for those p f Uy bi x m

b
detector

be

N
aeratingfrequencyissuedG

control

atbock fr fr GI fi N fr

fo NM bn
resolution Tfr

5 PLLwithdown conversion
fr phase be

detector LPF VCD
be

N
b k
y p f

both

control be



fr fr bit s f bit Nfr
Therefore theresolutionis fr andtheprogrammable
divideroperates at fo fi

6 PLL with psst divider
for phase

detector LPF VCy bi M
b

be

N
aeratingfrequencyissuedE

control

for f bin fi N fr fi Mb

f NI resolution but
theresolutionis low whichimplieshighswitching

speed buttheoperatingfrequencyofthedivider

ishigh
7 multipleboyfrequencysynthesizers

a compromisebetweenhighswitching speed

andbowoperatingfrequencyof pigrammable

dividers canheachievedusingthistypeofPLL

frequencysynthesizers



fr phase
detector LPF V68 A M

ba

fo meme phaseIssy A fine detector
Na

foAB
control

BPF LPF

orfatbb
VCD

for those
detector LPF Uy

b b
be

be loopBourse
NB

control

inthis configuration thePLL inboxL
tooltainfa baths

isusedinsteadof a mixerandBPFbecause

theminingratio willmake aBPF complex

when fr is fine

example 10.2

10 e 19.99 MHz 10kHz resolutionimplied 1000 frequencies

therefore 3 cascaded doublemindividerequired



fi 10 fit f t 9 95 bi min to fi fi MHz
but 10 fi a fi tf tf s f tf 9MHz

maximizemixingratios choose f 3MHz fr GM

hi 3 a Ra t ImÉÉme 3gs

if fi is 14.34MHz fi 5MHz

bi 3MHz I 4MHz

example 10.3 mustfind Nmi Nase Amin Aman

18h 127 in 1MHz increments 23 frequencies

P 10 P a 11 a

Dmm begin HIII 127 PNmantAmm

129 10 N man Aman Nman 12 Aman

A Amin fifth 17 105 Nmin 10 Amin 5

N A

to
g

5

4 23

8
12

a



example 10 4 findR fr numberofhop Nmin Nman AminAmonboxing

fo min 180.4 bx man 184.6 frequencies 740 fr7,20
P 68 2 1 Ram 27 16 24 128 box

and N A 16

soullats 2MHz fr Hittite yah

RE 100 RA r RA RA O O I 2 64

fr If 31.24 kHz
withsuch a resolution thenumberofhop is 4845,141Mtrounddownalways

166.4 166 hop 7 required 50

n I TyDunn 1587 57858 PNmin Amin

iii

a Dmore 18,417s 1559.5 64Nman Amuse

the boxingfrequencygiveshowquicklytheoutputfrequency can

change Thisgreaterthan a equaltothe PLLsswitchingtime
to In 8 15 s ta 78 10 s

fu I 1250Hz



example 10.5

fr 100 Sttz resolution 1kHz
resolution ht M 100

requiredoperatingfrequencyofdivider fi man 1010MHz

example10 6

bymin 34.4MHz be man 80 MHz increment IkHz

fr I 100kHz boyA fine by B coarse

fa controlsthe responsetime ofboyC hence if fa is higher
responsetimeofloseC will belowerThereforeoffsetbaby300

f a 300k 399 kHz

boyA is responsiblefor the 1kHz and 10kHz increments

andby B is responsiblefor 0.1 MHz and 1MHz increments

fi M fa bi Nabn
resolution E r resolution 1kHz m 100

fi 30MHz 39.9 MHz

Na min 7Th 300 Na man 399

3005 NA I 399

forby B since fa was offsetby 300 kits boxB



should heoffsetby 300kHz

f 35.1 MHz 39.7MHz

NB min 341 NB more 399

r f a fa t be
I f x 37.568MHz ha 388kHz tf

fB 39 2 MHz NB 392

r f a 368 kHz Na 368 An 36.8Mt

Chapter 12
modulators demodulators and frequencyconverters miners are

fundamentaldevices in communicationsystems
up converter

modulator Bpf Romer
amplifies

GIF fix

down converter

LNA b Badge
batb demodulator

m

fix GIF



frequency miners

mostusedfor frequencyconversionmodulation anddemodulation

mixers are fourquadrantmultipliersthatmultiplytins input
signals I

s

ifthetins insetsignals are sinusoidal then
Vik As sin it Va E As sin wat

Va t V E V24 AcAs sin wit sin Wnt

Va t AI As i Walt as itwat

thisgivestwofrequencycomponents TI
miners are classified as

I active a passive
2 switching type or nonlinear

I simpletitstdisdeswitchingtype mixer

i E ji n I
Évis v

if V2 O D I am Da off KEV t Va 0

Va Kt Vi



I VL T O Dioff Dr on Kt Vi Va 0

Va Mt V
hence Va Vit PWVi suchthatPH

t l K
I Kao

giventhat PG is a square move it can be expanded

usingthefourierseries

P E.ME T
then VyEl

K sin wit Vision it E EMETTA
Vad

K sin Wit FEIT Int wit quintIps knit wit
wit

a a a
o win a war swim swim I I sw

2 Simple twistdiodeswitchingtypeminesassumevevenneaver
an ri er o ununen
n nevervono m visv
rat vievenenu avi v

i
vii v

if U o bothD andDa an Va Vi

if Vrs 0 bothD andDaoff Va 0

Va Pal Vi suchthat p a
t
O V2so



PW here isalso asquare wavethat canbe expanded

as Pa I E E MEITEI
Va E sinwith that If.mg4
Va a
sin in it If I

am 4 1 wit wit as Intl wit t wit
2h A

a afwm
w w In Ii's

ring
3 four disdeswitchingtype miser
This is a doublebalancedmixer in whichneitherthe

localoscillatorsignal use the inputsignalappearatthe

output

il
1 q

of

is
in

a e

if V2 0 Dr andD M D andDooff

if U s o Da andDa on Da andDaoff

for unidealdiodes thefollowingis the equivalent
circuit a

no



Raf rel Va found as usthagedivision

for Vi o

v IIE Vi

for k so

Va IIE Vi

theoutputwattage can beexpressed as

vast III l W o

suchthat PH 1 Viso

again PH canbeexpanded as

P E.MEI

Vat

ngFigg Intl wit Lint plant
1 wit wit

nvm
a a

o Iww I mew u In I Ii W

Conversion loss of miners
conversionboss ratioofoutsetpower in one sideband

toinputpowerofthesignal



maximumpowertransferoccurswhenmatched

T Ra Ri z Ri

a ri ra iii r E

U E pi IE
for the duklemithitiniedmsing miner

Valwaw
2

YI
Pa It

the connessiontgainoftheminer is foundas

a It iiis i or as
hence the conversionboss is

L I E LAB 3 92 IB

for thestigettiitanced tinsdiodeCanosite
miner Va wit w It

G 3.92dB same as ring
forthesinglebalancedtins diodesamedirection

mixer Valwi ew VE
p Ifr
L I H L 9 74 dB



intermodulationdistortion in mixers

as mentionedpreviouslyintermodulation distortion

arisesfromnonlinear receivers

fordiodemixers the went flowingin the

diode is anonlinearfunctionofthevoltage

dip across it suchthat

is Is e y Eq jjjm
afteraddinglinearizingresistors thefollowing

is theequivalentcircuitof adoublebalanced

my miner
avians air vs vs
In e vs veinEs

I In isen in a i i mvanI É MEH

p j 22 t s t In Itiaviava air VtenFI
Vi ve IR t Een
20

vi issuersEenE if I I thethterm is expandedtogive

Vi ERER E i t t

which can beinverted tofind i as

inter IEEE
therefore Va LiRu is foundtobe

Va Eta Vi E IIIT Vis
su ks



an Va k Vi k V

hence thethird orderintermodulation'm

distortion is proportional tok3 then
thegoal is tominimize biz

it canbe seen that ks is inversely
relatedto thelinearizing

resistorsandthe

diodeDCEvent

therefore increasingthelinearizing

resistorsvalues willdecreaseFitting
nonlinear

square law mixers
diodesandtransistors canbemadeto operatenonlinearly

Htt r I
Ka inordertobeusedassquarelawminers

the tinssignals are addedthensquared

Va t V f V41 A sinWith AzsinWat

Vat AIA as aw t AI l as aWnt
a É É AA as wit wit Css it wato win witw aw aw

diodes maybeusedas squarelawmixers

buttheyintroducelargeconversionlosses



forthediode tooperateinitssquarelaw region
Vi K Vsc

V E Vsc t k Vi t kaVis t

I Vi Assin Wit Assin Wnt

Vat Vsc t ki Assin wit t
a a

Assin wat t kao wi wa win www I I g

Assin Wit Assin Wnt

Amplitudemodulationanddemodulation

l DSB LMirnstitudemodulation

S t Ac I k ma as Wat lkmailman1
productmodulator

themodulatoris a mixerfollowedby aBPFason
I th m

Bp f
Sh

o w sw

AcGsWct

thedemodulator is an envelopedetector
i

a
let ome

RC IF
2 ASB SC AM

productmodulator

similarly themodulator is a minerand BPF
ma Bp f

Sh
s t AcME CssWet

AcGsWct



coherentdetector

thedemodulatorconsists of agiantmodulatorwith a PLL

producing a synchronizedlocaloscillator

St
p f

ka t a ma

PL t aas ett

3 SSB SC AM

Stl Ac met as wet I AcMMFF sin Wct

themodulatorrequirestinsminers hilberttransformerBPFs

adder andphaseshifter whereasthedemodulator isexactly
coherentdemodulator

the same as for DSB SL SSBmodulator
ma BPF

I sahilbert 90 Accos et
Itransform thoseshift

AcSinWct

BPF

ASM

4 Amplitude shift keying
this is thedigitalversionof AM home standard AM

productmodulator

modulatorscanbeused butthemessagesignalmustbe



a unipolardigitalsignal

an envelopedetects can beused as a demodulator

phaseandfrequencymodulationanddemodulation

in anglemodulation the modulatedsignal is represented as

S t Ac cos Wit FED

frequencymodulation fell a ma i e It a ma

phasemodulation Q 4 a ma

since fell It If then a frequencymodulator can he
integratemathenonlytoaphasemodulatortogetfrequencymodulation

connected to aphonemodulatorby differentiating ME first
I Shakyfrequencymodulation

theVexinducesasignalwhosefrequencychangeswiththevoltageoftheinsetmessagesignal

a signalcan bemodulatedbysimplyinputting it to a
V08 on a PLLforhigherfrequencystability

ma Sey

MitlaM PD L et Vca
S

N

thedemodulator canbe a PLL in a balancedfrequency

discriminator



Va a ma

SH pD LPF VCD

2 Analogphasemodulation
the same modulatoranddemodulatoras FM can be

usedhere but withoutthe integrator

3 frequencyshiftkeying
some modulatoranddemodulator canbeusedhere

unipolarapolar

but the messagesignalhasto be indigitalform

4 phaseshiftkeying
themodulationhereis the same as DSBSC butthe

messagesignalmustbe inYishaiform I.amPF
s.tl

PLLan
Pf

ome

thedemodulatoris the same as DS8h55andSSB



finalpractice
chapter8quiz
hmm 200kHz Aman 300kHz
increment 10kHz LPF Ro 10km Co Inf

Vcc LOV 2C ER PD

a s f min 200kHz EFFI
A loaf C 0.01 af lakes Ri Rss Mr

try C Inf Ra 4885 a invalid

try C 240RF R2 17.93 kor valid
Image 300kHz fomin RIFF
Re 35.46 be valid

e Kar ka YE a k If
K 24000ft
he 240kHz N

2 1 25

I Any 10 kHz
We I 100kHz

Z I WE 1.5811

Wn 31622.8 sadly



d Wh Wn 1 232 2 434434
We 4094.64 had A 176643

Charter8 homework

8.1 kd phasedetectsgain ka V00gain

fr i 40kHz f a 1MHz ka 2 Vad

k YEMEN ta Ea i N 20

We by a kite Loft whrodin

to 3h my

foe be 1.2MHz Ne 24 we 52.3

to 42 02ms

freerunning I MHz Amin 800kHz
A fman L L MHz Amin 16 ANmon

range 8 frequencies a
2005,51 8

8 2 at f 1MHz N 20 ku Lot

3 EET Whittier satin
e bitter or nails

8 14 TR 4kHz 2k ak Ve man



final 1212018
Q1 M bmin 21MHz fmax 226MHz res 1kHz

D f e h M Az A numberoffreq I 5000

output fi to bit bit fit
fourmodules required
bi 2MHz a 10 fi fi tf tf

18MHz f t fr take f 6MHzbest
R 3 Ry tfios
na YÉ 2.624

f f 23.446 fi 2MHz ft 3Mt
1 3 4MHz fi 4MHz fi 6MHz

b from 934 MHz Aman 2 960MHz res 208kt

8 60 Q L crystal10.24MHz
T t t psstmultistier in Look s 740kt

Itt IR a 2 246 o 11

Amin 189MHz f'man 192MHz
Amin PNmin Amin Htin 4695

Nain 73 Amin 3
Aman P 1 63



AD man PNman Amon Gin 4800

Ninon 95 Aman 20

N A

73 3 63 61
74 0 63 64 126 frequencies

75 O o l

Aman dividers 8ft
1

7 3MHz
Q2 Amin 25MHz Aman 29MHz bres 1kHz

fr look

as DD
IFAI.grI

taobao.IE Lsb
Ing Ermita

for fries 1kHzfrom fat 100kHz M 100

fa 0kHz 99kHz offset 10 His

fa 500kHz 549kHz

fB 24.5MHz 28.4 MHz



moninattooisgrammable

fi t 50MHz 59.9 Mhz
divider

n bi 08.5MHz us Thiitzentdinide

Na min I 1 400 Na man 499

A NB Min 889 NB man 425

fse f 26.543 f 26.0MHz
No KIMI 400

A fa 543 kHz fla 58.3MHz

Ala 543

Q a for tonshastediodes

L TAB A
2 It

fortour samedirectiondisdes
L lo dB A It

for fourdiodes

1 4 db AE EE
the twooppositediodes canbeusedforPSB LL
bothsamedirectiondiodesand fourdiodes condensed

forASB SC
Va is chosenmuchlargerthan Vi sothat it controls



theswitching

b if Dr is damaged theequivalentcircuit is

FTV
did Va Ktvi whenVe

A VL O D is off V 0

Va se YI
V4 PE Vetri

Pa It E.ME
Va Krinke Vi sin H Kriner E

Vi sin it S
Va I sin title sinwith e I achIIwit

If I ashellutzitionkenitent
at wa at wi at o

at 2Wh at 2we Er at au 3

at wi wi at wit wi fi at 3wi wi 3
at 3 Wut wi



o w in an Iw
Qe a k Igf If 4 53 A

immersion gain CFI 0 dB

If R 900 Va LV

final 1 2020
Q1 a output rest 200kHz beforeSK 80kHz

T crystal 1024MHz R I a 236

ade Ol

T firm 9331 187 Maz

Damn PN mint Amin Smh 4694

Nmin 73 Am 3

r fine 964T 192MHz

Amore PNmose Aman I 4800

N man 95 Amon 0 Ammi

N 74 94

A 3 63 0 63 0

61 64 1 126



Amon atinset is them 3MHz
f 21 to 25 M E MHz 400 frequencies

3 modulesrequired fi If t fit E t fi
fi 2 M Hz r 10 fi f tbs tb
181kHz f ther take f 6MHz

and fr Is't z

u r 3 Ra Eff
I ra if 2.625

it fo 23.05 3 Is b t É It
fi 37ns fit 4MHz bi 5MHz

Q2 a

BraggIDN b
fr Ta

ILoggia.EE
ts

Lad Tomas



for resolution 1kHz from 100kHz fr M 100

tokeepAdderboyoperatingathighspeed offsetbabybook
fa 400kHz 599kHz

fi 50MHz 59 9MHz
Na t boo 549

r f 24.5MHz 28.5MHz

fi 48.4MHz 52.5MHz

NB 489 a bts

b at dividerA f mon 59.9MHz
at dividerB fman 42.5MHz
r f 27.643m fa 543 kHz

n hop 29.1 MHz

Na 543 r NB 94

downesnnerter in the box
NB 5 45 if fa offsetbybookitz

for fx 27 643 NB 31



BraggLIN b
Ee

f f a offset by 300kHz Na 300 394

n NB F f

fore fo 24 683 MHz NAT 343 NB 33

Qs a I twodiodesin oppositedirections

vets Ur sin al e 2 I anting

amplitude ish wi wi component
2 0

2 two disdainsamedirection

rats E sink Ht E I aa III ma



Tiffins w

Wi component Ig Ig
3 four diodes

s

for DSB LC we need a componentat Wr hence

only tinsopposite diodes can beused
for ASB S2 mesmpmentshouldbeat wi hence
bothtwo diodes in samedirectionandfourdiodes insk

U shouldbemuchlarger thanVi sothatit controlsthe

switching snitchingspeed will bethatof K
e the equivalent circuit willbe qq.IEIIiiVa Ve t Vi fr Vi 0

U V a 0 fn K L o

Vad a pas Ktvi s t pas s



pas I I sinkEITI
Vet I sin et t sin wit t

É I antianxiety
I ask.ywi w.tn s4n

ywanti

anE

Qe a Vi 2 sink t 3 sin wit

Va El 18sin attt2 s sin htt 2 31
us c Wnt Css news t REED

O I sin hits
Very 1.8 sin Wot 2.9 sin wit t

0 6 As u Walt o bcos two t

to I 1 cos Wat o.es l aslant

thin
k for ashortmodulatorPLL a at fitffan



Oak Nora Ninth
nba l I d Nbr Eat
a set Accasket QA
End 2 5 In it

God 40 critters t 50 sin wot

f sell a 100 eat If cites cosknit
few looks t yesss net

Sell a Ac by at tutte sosinker't

f c 100 MHz TR 7 2 40403 100kHz

MII adderFm

apterous Dessel
d

addintegrator to gofrom PM to FM

Tpj't'd
mel



final 112021
Q1 o firm 290k FEI take 02511

ftp 18

kabmarefmint Tea R 11.82km
b to 300kHz N 30 Ikot

rems Tiff kva 6005 25 ht

Z tr r 23 WE Wi tornado

N Wi Gy take Cz Inf Rz 20hr

losebandwidthwhen Ze t un Wh

d Wn Art 35.35 knodIs

Q2 4 modules required 89000frequencies

bi Lot É If Est Es
Amin 108 21 MHz fi L I MHz

T 10 fi fi t fat fan or 18.9MHz L tf

take f 6.3Mt by 12.6MHz
Ri It 3 Ra III 1 1 2

3 before Is a fry 40kHz R 281 312 Koo

b'min 4 185MHz 1 60 QA



hmm III PNmi Amin 8625

Nmin 7h Amin 19 Aman P 1 6

biron 4
142MHz Dnase It PNmare Aman

None 7h Amon O

N 93 74 75

a

7 2

17 63 0 63 0963 0 numberedfree

47 68 60 I 146

Amonatinnit 192MHz 64 3 Mhz
0 fr 180kHz fries 1kHz M 100

M Santa be

at

É
offset fa by 500kHz fat 400 599ha

be 21.5MHz 25 b MHz

fo t 40Mt 59.4 Mtg Na boo bl

Aff 0.5MHz 4 5 MHz NB 5985



h more B 4 4MHz man At 59.4 Mtg

for f 28 563MHz f a 963kHz Na bl

fr I 24 fi 3MHz NB 3 0

5 M QEII Va Va Ktvi bn Vi 0

A Va 0 fr V40

ex It 2 4441
Val sina.tl sin at

2 hit

IIIthany
if I Manettn

w

INI

Father
Vis Vi so that Vr controls switching and

switchingspeed will be we
b Fact NG rel e Fa MY

work 25 Sfr It
Fact 200k 106 I 290 sinHev84

a bad E NEE
b b



fall It Item must
Sets Ac Css atD

Ac Css 200T 10 t 240 sinGrew't

f c 100MHz TR 7 2 If boo kits

integratethe messagesignal to go from
pm to FM



final 1 2023

Q1 a fmin 200kHz Aman 600 kHz fr 20kt
at fo 800kHz N In 20

conditionsfor V18 look C 0.01mF

loans Ri Ra L IM or

for fun Loo kHz Its i try C K0

Ra2t5ksy
for femme I 600kmfmin Hanif Riff
tofind Rs and la find we We I
n 23 tf Wu 2kV T Z rt
for kind N 20 k IIF 100kt

aka for 208k Vf kv 51 host

Wit 100kt rodis take 62200170
Rattsikey

Wn Wh for z tr hunt 90711Had

a BW35.36k.tt
b Oak Nana NYT

Fact N Fadl In me



Art 25 f fr dt
Ead 200 xx t t 75 singtel Pt

t.es ME
fad looms t PSAP as Exit

fo 100MHz If 754103 Hz
TR 7 20 be 140kHz

Q2 a takenbeforedecadedivider fi
T numberoffrequencies 71k but 10k fourmodule

I Iot E EIKE
bi EÉmm a 3MHz
A 10 fi fi tf tf y s f tf 27MHz

take f 9MHz f 18 MHz

he 3 as IIIT 3

d f fi 34 569MHz
fi 3MHz ft 4mHz ft 4MHz fi GM
r f 9MHz

atleast4 4 1 atleast9

only ILasallatns 12RPF and 12 miners

b fa for N p a resolution Pbr



200kHz 2h fr fr 8kHz
to Her a 3.125ms

fa more Nmos Pfr Nimue 450

A fee min a Nmi Pbr Nmin 040

morefrequencyat programmabledivider 4.4MHz
3 08 freslafter to 200kHz as for 50kHz

a Gtd 128 010

fi E fi min 231.25MHz
Amin P Nmint Amin aKITE 1 68 2 1

Nain 72 Amin 17

ifs more 237.4 MHz Aman 4750

Nomore 78 Amon 10 Aman p

N 72 73 74

A 17 63 0 63 0 10
frequencies

of 64 15 126

frequencyranged V08 fi min bi mon
231.25MHz 239 SMH

fmanatprogrammabledividers Ian 3 71 MHz



if fo 930MHz fi 232.5 MHz
D 4640 N 72 A 41

Qt a I tusssassitediodes

Va s a sin it If I addthis.IEIntDvittw

IaIE
A w 0 Alu Y

A la wi I É Alwaw OF
2 this samedirectiondiodes

Notts o I sin it of

faenetrityEFtnetwithat

Alm 0.1 Al we 0

Alwyn of Al mew
0

3 four diode ringminer III I

vet
0 www.t wiI ntwit d



i mh.IE
Al wi 0 Al m to

A
wow of Al www

b when I is damaged

IEEE
when V2 70 Va e tht Vi

when Vu O V 0

Nat Paa Vi at Pa Y
pas a I t I snagged
Va E sin rt t sin with t

É f maunt witz InDutnift

I I matht wid at tt
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Q1 N fun 200kHz I zzpF y LOOPf

Rs 21.55 ke
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b T fo 900kHz r fr 10kHz N so

for foe 2182 II ha 27312 80ft
Kr kind 20kHz

T z a tr r 23 EF we 40krods

n we I if G In F R 24hr

A Zener asttageregulation inhibit disattemin

LD shows'dbeandbelocked
sourcefollower isolates inst andreducesboding

Qr n fa lo bi t fi t Eye fistleg
fi 2.2MHz 19.8MHz f tf u

take f 6.6 MHz 82 13.2MHz
a 3 ra bitten 2.523

b 12 oscillators atleast9Eisenfour
modulesand
mincesconnected to
oscillators



as Are tokay R
155 266 011

fix min 184MHz P Go Q I

D min PNmin Q Amin Ih
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Name 94 Amon 10
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tuningrangeof UCD 185 190 MHz
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a offset fa by 500kHz to onsidsburing
down adderdoor as fat 400kHz 519kt

es FYI Finn
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