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ABSTRACT

This thesis describes the design and realization- of a low power CMOS fully-
integrated integer-N phase-locked loop (PLL) frequency synthesizer for wireless bio-
telemetry systems.The PLL employs a ring voltage controlled oscillator using current-
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2.1 uni

Tuunifananiivsenszneumey lunsasadengy sdsvesasasiudnarufuuusieg
nsiiensenadian(Oscillate) Houraineeadalan(Oscillate Condition) dyaasunIuLes
oA A(MOSFET noise) IntnasUitter) LasdygasuniuBanwa ( Phase noise) Fdaduly
2asiiinaud

2.2 Tassadrnsaslafongy

Imaa?wnwmw&ﬂaﬁanqﬂﬁugwﬂmaﬁ"ﬂﬂ UsznaulUsensasmdng fddn 1oun 2993
mw%’mﬂaé’aﬁymmmﬁ (Phase Frequency detector : PFD) 24338053 (Charge pump :
CP) 2933n509ANNARAY (Low pass filter : LP) wasinnmnuiimunuiisuseiu (Voltage
controlled oscillator: VCO) é’qLLamTugUﬁ o LLazN%Lwaé‘aﬂQﬁﬁﬁmwwammﬁ(Frequency

Divider :FD ) wanslugudi 2.2

Fref
vd Ve Fout
PFD |—| cp f—= LP @ >
JUA 2.1 uanaiaaRTaanaionguinugul7l
Fref 7 - e
ou
f0_| PFD |—] P |—af P = @

Frequency
Divider:N

JUT 2.2 uasadnsasaionguiiimamsanui(7]
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on (Fout) uazaglidygnamnuumndswesmsiFeuiouludygnugUeauuseiu vd Tng
W3R vd azLﬂué’mswﬁwwedm”umimwaazwdwéf’mmmSuwwé’w§aﬁuﬁiycynmmm?imaé’m
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nssavieneUssq Faasviliusedulnesy Ve Tdusedunsiien q nils

wssdufildanmssaniarmeusyaasgnnsoaunesfUseneuuasudgean Tagaesnses
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gan(Fout) axlaidsuyas Tufferuivisiuaendariniuanuisnsdetiues
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Fout = N X Fref (2.1)



2.3 29955293 umaduIA213E ( Phase Frequency Detector )
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? Fdiv T Fref
State il State | State 1l
‘ UP=0 * Fref
DN=0

FUN 2.4 uandlnazinsudn1iensyNNuIeRInT T umwaA Ll
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2.4 24959aU523 (Charge pump)
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2.5 12935n529A7uUnAeL (Low Pass Filter: LPF)

'
o 1

2asnsesnudmdududnisesnilaifianuddgylusasmadiongy Tagisasnsos
anuiidufiaominfindensonetesiszneuvesniuigiesn Gavsldanizosdussnoureas
wssulWnsmaz A MLAUIILRITYeTEUY 29asnsasr I RRIuEn N sautseanldilu 2 wuy
fio wuuwIAT(Passive) Aorsasiivszneudushsaunsaiuu usiadnl Tennsdsgunsalfianisn
vnuldlaghidesiimsnserusglidiniolivhau IWudaunsaiussinn dafumuRr) daufu
Useq(0) uazwamnivilsni ) dawdnuvunis Aauuuueniiviactive) Hraaasiisznoutiu
dregunsoifidosnsuvasingluiaienszgunisiuresingunsal lungunsalussian
niFanes vie lod asvsnsesanuimriuwuuniadn(Passive Low Pass Fitter) feulda
oganrevrdmiuldnsesanuilunesinadenguidecainadising 2995ns0snnudneiy
wuuwaHuians uandlusui 2.11 Tasnaasusznaudedafiunin R desunsufiuguiv
Uszq C1 uasiidafuusey 62 dovunufuddumag R tas C1- fasuviu R agviminfisne
mﬁmmwmaagﬂuaxﬁaLﬁuﬂsz@ . 'ﬁ"ﬁﬁﬁ']ﬁaﬂLL‘NﬁuﬂizL‘ﬁ'é}ll(Ripple)%ﬂﬁﬁﬁg@ﬂmtﬁ&ﬁu Wie

srhluniuausesiiiaanudsiely
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Icp . Vcon

3‘1Jﬁ 2.11 LA NITIA LD AR UA U NaDa[27]

2INNIINTDIENNAIHIUE RURDalugUT 2.11 atsadeuitangunisanglaneaunisi
2.2

g9 (sz,+1) / (scr+1) .
e RO s(e, +¢,) e,
¢+,

mnﬁqm'sﬁwwmamwnwa?ﬁaﬂgﬂlugﬂﬁ 22 awnsodeueglusuilandunisauleu
(Transfer function) lﬁﬁmaﬂﬂugﬂﬁ 22

Error Detector

i \ a0 S Low pass filter VCO
K Fout
Z(s) ?V )

W‘

Frequency Divider

UM 2.12 wamsilsidunisaneleuvensasinadengui]
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nnflandumsdielevlugui 2.12 anansadeuliegluguilaidunisarelounuuguie
(Closed Loop Transfer Function) lagauansluaunish 2.3

e T(s
H(s)=—2= NL (2.3)
0, 1+7(5)
dlo 7(s) Aewnaueinisuensgu (Loop Gain) Sy
v
P e T gy (2.8)
5N

Hardunisaalauuuuguita (Open Loop Transfer. Function) Tugu#l 2.12 uansdsaunns
fil2s '

K
[ A (2.5)
g

Waunuan Z(s) anaunish 21 Tuaunnsii 25 sglefisddunisaglouiuuguilad

uansluannsn 2.5

K K sCR+1
T(s)=—24 (< ) (2.6)

s sC C.R

s{c+e ) =+
64+,
Nnaunsh 2.6 annsomitsiduiolouguln Iasweanduaunsi 2.7
260 s+ @
H(s)= s . (2.7)

s +260 s+ @
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AdEsIUTATeIsEUY (Natural frequency: @) wildannaunisi 2.8

K.K
NC

1
adiAANE (Crossover frequency : @) Mlsanaunsi 2.9

@, =260, (2.9)

ALeTa (Damping factor : ) mlfannaumsi 2.10

(2.10)

puldnaan -3dB (Cutoff frequency: @, ) 1891AsNIDIANURNUTIABIVTLADIN

3d8

aunisi 2.11

Oy =60n\/2§2 (2 ) (2.11)

2.6 Nﬂ‘i‘iﬁ'}’im'}uﬁ(Frequency divider)[7]

Nmmim'mﬁ'ﬁmﬁwﬁamwaummﬁqaﬁlé’mmwiﬁ'u,ﬁmmm?imuamﬁ’ammﬁﬂﬁﬁ
Araisas iesshluFeudisuiudygiumuisunmdrsdadisuduniuinasesedu
wld 2asmsauianansawuoealidutuuuiudnsidmnansills (Fixed-N) uazwuuysy
Sadmmamsanudli(Tunable) Fawandugui 2.13
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A0 Eredn e

(n)
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Fin

——p| Programmable

N

Fout

!

Control Division Ratio N

()

gﬂﬁ 2.13 uansmsmad (n) Fixed-N (¥) Programmable

n1susaudnuulSusesiaaunisnsldliniasuuddnsinisunsasi dyadufe 3

Tassadhadne lidudeu weasiiiunadn dnsnsgrdendsnudy uslyadosfeildnimsaaiily

aunsaUSugasdunIssld VinliaauasaasiauanIs e aniieannuifg ity diu

AMsUIsAY AL UUIUSHASUS MSETUAIIRITAINLRLE 1995 9viilaseas1aiTinnududDULINNIN

wuuuSusasnaunismislile whesilamaufe ausaususastdrulunismisanudls ¥ilv

gunsnaedynuATIN AN NAUEaN AIEAR NG

1995715 A A KU Ul SER USRS 1 dauntIvasaadbiannsauy seanlulassasnauuy

Pulse Swallow wazlasead1auuu Sigma Delta Pulse Swallow Iassas1eiuy Pulse swallow
axillassadnefidruninuuy Sigma delta uddodannlasasisuuy Pulse swallow fia Moy
Amsvnsvilaamzars ity dulaseasiauun Sigma delta Ty filassaieiidudeu

uen s asualunismisanuREIRITavalAazBuanin 29ITUIsANUNLLUY Pulse Swallow

uansluguii 2.14

Fin Prescaler
— Divide by
N/N+1

A

Modulus
Control

Swallow
Counter: S

Program
Counter : P

Reset

Fout

A

!

Digital Control
Frequency Division Ratio

JUT 2.14 uLanin1smIAuiLUY Pulse Swallow
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MIMSAUERUL Pulse Swallow fndnnsviensad luanizdudu Program Counter:
P uaz Pulse Swallow: S azgndineriliegluannizusiu lunmseenuuuaiues P asda
1NN S lawe Wonawssudurinau Program Counter: P iLag Pulse Swallow : S 93Ty
Tnuaeas Prescaler avvnsmuAdnusnsi@in N+1 192995 Pulse Swallow : S Huflarngegn
fildoanuuuld 2993 Prescaler zwisaMuddednsidu N Program  Counter: P aztiusialy
Jeuq wuiirngeaniiooniuunazisstiuiaunazgnidn e Buduienlng Susuiadsau
ausemildanaunisi 2.12

Total pulse = (N +1)5 + (P — SN (2.12)

naunsh 2.1 dieldnismsauiiuuy Pulse Swallow d@QQIuAIUENIAULEIYINN
anunsavlennnaunisn 2.13

Fout = (N+ P+ 5) - Fref (2.13)

2.7 29sfiinaanud (Oscillator)
wﬁiﬁgﬂﬂ%ﬁq%uumﬁ@ﬁﬁﬁﬂﬁiﬁﬁﬁLﬁmﬁmumuﬂmﬂawmﬁgﬂmsni winiandnodnamileinems
ooadaiainns (Oscillaton 1Hhnsasdannsetinddeiianuindusdrsbeaglugunsaiieds szuu
Insauuna w3esiloTauavgunsnidu 4 iauynada 2asduasissimnimiadenguiduicas
wiliheastiiindyaiaaiuiidudiuyszneviiddg s Faiuesududesfnuinisinenu
ﬁugwuﬂuama%ﬁﬁLﬁmﬁzymﬂfum'm?iLLazmanizmwi'mﬂ] inmeesifindyanenud [4]

2.7.1 wfiavasasifinnanud

N%ﬁuﬁmﬁ’m‘)mmmmf‘immamﬁLmﬂaam‘flu 2910 A WITALLA “fgggwmmmﬁ'ﬁaflu
sundumetinazisesindsdnranauiliduzuaiugned

fmiﬁﬂLﬁmﬁmmﬂqmmmﬁgUmaﬂﬁﬁama%ﬂﬁm 2sastidladyauuuiivilontiuag
Fufiuuseq (LC oscillator) WaguuIumIu (Ring oscillator)

2.7.2 Joulunisiuinauils]

2vvstilaruiiavinaudlilasedenuauifanulidudedureneasveeiiing
Jeunduuuuuan(Positive feedback) lugudl 2.15  wansmdnmsiugiuuensasveneiding
Jaunduuuuun
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d d’l} o
EU‘VI 215 LLﬁﬂQ’N"i]iWU;‘\j’%N‘UEN'NfO‘ﬁJEJ']Ejﬂﬂ‘uﬂaULLU‘U‘U’Jﬂ

3NFUT 2.15 Inauainsugneveseasiinvitiy A waziinausnisvenataunduvinnu A Tu
nsilgUn(Open loop) dyayradunm axddwviniuy  auisaviAnnaeivgeguida lian

aun1si 2.14
V = AV (2.14)

=

Tunsfiguln(Close toop) dyaya V aglinainnisuaniuvesdaaounuazdayy ol

Youndumaavinmduandluauiniii 2.15

V=V +VH (2.15)
Slounurnaunisi 215 adluaunisi 2,14 axldeEunisy 2.16
v =A(V+HYH) (2.16)

naEuN1si 2,14 gsnsamiladuinisaislow (Transfer function) 389gnsINsveegUla
A_lasauandluannnsi 2.17

A
A =— (2.17)

T 1—AH

Jnaunsh 2.17 dunadinisveneteundu AH flauinniwiewindu 1 aziinarinli
sasTiAhiugud Saasdmalinurinisversguiadaniuetud (4, =o0) Fafedmien
Tild 2zfimavinlihsasiiandygramaeinmlivindugud wilifimsdoudyyiuduwn v ey
Funaneiin 1anAansesadaan Tuffieesmunsnaddygnannuildieivesdiue
Tngnaasazisuesadaianainduenvagaduguiuazos nAdulydenq uiagndN 49
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pduiazgnimualasunaieiteuliiuasasuarazdinsanminasnly Goulvnisesada
antisendn usiensulasiidou (Barkhausen criterion) Tunsdfinasinsvenedoundu AH &
Atlasnimils wwdwmalinasliiianiseeadian

Tneluinausinisaeny AH svagluguunudadeoudssznaudevuinvesdaygiauay

yuwlaasdygaulosnnisasesadaiaweiussnoumeifiulsey fundeniuagdifuni
Tnganusouendeulunsoeadaianlaaunisi 2.18 wag 2.19

Re[AH] = 1 (2.18)
im[AH] = 0 (2.19)

31naun1si 2:18 WWudeulvnisesadalansiudnsinisvenefeasdesiisannniimia
widunils aunisii 2.19 L@wﬁ"au"ifuﬁm;;uLWa’uaaé‘fzy,zyjmi’]auﬂé’uazﬁaaﬁymﬂmmﬁ’mmm
whiuguévseimsideumadyanaly 360 ssmtiues ’1:14ms@iai%’muﬁl%aaj’"tl.ﬁuavﬁaaﬁﬂws
UWLW@?‘U\‘IMW}Lﬂm%ﬂ’]'i‘tJEi’iEJL‘W’}ﬂ‘U‘Vl‘lNll'lWE]%L@’W]WWUEN’N%?W]Lutﬂﬁfuaj'lmﬂ’l’m‘é‘l Hafiavin
Tvaniiunde u ganveonsgldliiiinansemulag fusesidndynaaiud

2.8 dysyrnusunau (Noise) [9,10]
Fuamsuniufie dyanniisbifesnisiiat ulussvuniontes Fellnansenusinld
UszAnEnmnasiinueedisanad iy anuialunsvinauanas w%aé’cp,mmﬁmmmﬁmﬁ?au
Wumuy

FyausunavedlusUdyainiuudy (Random - Signal)- uandugui 2.13  Taevhly
ANLSIFUMTONTEULET BT Y INSUNIURABATINATUIA T A8 5o ldeanA e uazaziia
wiriiugud ﬁaﬁxuiun'13’3’@151’@11,511“m‘mﬂauaﬁm‘lugﬂ%amméaL%amﬂ (Root Mean Square
RMS) mmmmﬁ'ﬂLaﬁaL%diﬂﬂmadéﬁgmﬂmumu’l,ugﬂLmﬁuu,azn'szLgalﬁﬁ’mamﬂuaumsﬁ

2.20 uag 2.21

Vorl

5UN 2.16 uanadyanasuniu
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T/2

N e RA L (2.20)
~7/2
1 T/2

e = Jim— [ 7" ()at (2.21)
T

Tawfl T e munatwes v (t) wag 7 (t)

Tnaesdidnnseiindlaevily agwuihanadedenvesdygrusuniuiivueiidesinnes
Tughevthie wilu(nano) wse AlA(pico) Wity

2asidnvsedndfiaiainueanswdameslagiialy  azwuinAndyaiasuniu oy 2
¥iin Ao dyynsumudenmgiThermal Noise3alsundnognmiledn dyinsunaurm

[
= =

(White Noise) Wazdaaasunaunsswsu(Flicker Noise) dysuiadsunaufinaduiliiavauiain
AuduURvadsnefaimbunadguasaldidinnsefindtiules tsraansafingirdadygyiu
sunmiulursasivanadls waldawrsaidalnueldle Iesldvatianisoanuwuuiinsviomaila

A5LagLe1NA3 (Layout Circuit)

2.8.1 dysuiusuniuideanmnii(Thermal noise)

dyusunIudamivsedynsunIuYl Lﬁmmnm'ﬁLﬂﬁ@UﬁLLde%amﬁ@uﬁ
wuulifuszileurvesdidinnseu (Carrers) Tuanshadhnh feagdmaliAedyaiusuniunseus
AMeluteINIURUYDINTZUAVOIUDANSIUTALAD S é’n_gﬁywmiumm%qqmwgﬁﬁLﬁmmn
upansudainesingnitaerisunasdngnszuaine sz niNuIlATuLaT Y19 EYex
LRANTUTEANDT ﬁauﬁmﬂugﬂﬁ 217

V-®_‘

n ]
['
n

[

o o =
JUN 2.17 dyaasuniuesueansiuanes
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aUnASuAMUNUILLUANE 19U 1UTUNIU (Power spectrum density: PSD) 84
Wm ;

fyannsunmudeamnlasidnuasvesdyaiundinaenngunnad uaniesui 2.18

s, (f)

*

=]

=

JUT 2,18 wansalUnn SUedn NI un gl

Y

anadufdauesdyannsunuigungiiveweavsuBamnesannsanildanaunis
7 2.22

3

!
"= 4kTOY g (2.22)
" V&S

e k Ao Aasivesluaviuiu (Boltmann Constant) fidntiifiy 1.38 X107 UK
T e samnidvieiiu osmiaaiu
¢ Ao ArmmninszuaveseaniuTanes (Transconductance)

= N\ 5E = i ° P
a fia An =L, g fe Apranihuesesy-ged e v, =0V
Y
y e faUsyNeauveIang M TUNIUEIuLAY

Af o wuusis (Bandwidth)

Pnaumsi 2.22 awiunidadovesdygadquugisidudsdunssiugumgiilag
Fliwdsuwasiiornudiudsunlas JewildFygusunmulgungiivsiidnvusvesdygm
mﬁmaamﬂémmmﬁ Faddnwaldudyamen

Aruls ¥ Huedudsiiddtufuaiiugivesteamiaiunszud (L VD
yoansudaaed Feasiianuszunm 2/3 WeanugnvesdoaniaAunssuaiidiuinndt 1

lulasiuas Meee1aailan 2-5 Wetesanupnusamadiunseuaiitosnin 1 lulasues
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2.8.2 #pynu1eusunUNTEWIU (Flicker Noise)

dyaeusuniunseniuFlicker noise)  luneansiudawmesidnaindszawinzuiadiu
iwdeuiiiuuseiiliauusaifiuinnsesdevestuaisidney @Wemuiuvesnszuanazdu
Famousenled@uinneeansudanes) WliussanvegnBadili(Trapped) uazuadiugn
Uapgaonui(Released) WUUHUIINUIIINTOYRD NsEafuazUdesdivesussanivzuuudy
dwalifindyrasunmunseniuludeanafurenssua dyansuniunssnivingninass
funaiheusuiresynsufunninaveweasudaned duanslugui 2.17

anniuidinuaisvesdyainsunmunsendureaeansuiamesuanifeaunisi 2.23

v K 1
O = (2.23)
AN/ /7

(%

e K, Ao firnsfiuasiduegiunsyusunisnda

1NEUNITT 2.23 EWUIIALUARTUAIFI9 T W AU UBIA WIS UNIUNTENI UV D

v

a2 W

neans e asiAuUsundufiuannd é’aﬁu’uﬁzgmﬂmumumgwwmuﬂgﬂL'%ijm'w Ay
sunuuuy 1/ f (ilsdauan) Suaimsumundnosdieansiudanofideldauiinnudiin
Anndansunaunsensukagimuinanaduindenuaisyosdgmsunun s niuas
wsHARuAU TR GRC W/L) veseamsiudawmes waruunnuessniuUseqdentonhoiui

= oW

(C,,) veulpansuTawmes Juife Weysansudamesivuinlnainazindygiusuniu

N3ENIUM aneSuMAIULERL YT INTUNIUNTEWIU UaRagUun 2.19

5.(f)

0

1
—(—10dB / dec)
f

»>0g( f)

5UM 2.19 anasumdanuedevesdyay nsunIunTEnsy

alnaiuresdygrusunivdiguugivasdygrusuniunseniviiinduly
wgansuBaines wanslugui 2.20 Faagwuitiiaude (fniaunyu (Comer frequency )
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a ' =

grasumunseniusslidunnnihdygrasuniudeungll uiinnudge (@andianudiy)

U

oy
oy

asuNMUTRuugilasiidunnidyanasuniunseniu

&

A

Flicker noise

Thermal noise

¥

Power Spectrum Density (dBo/Hz)

Offset frequency
SUM 2.20 wamddya1ndsumunsensulasdyausunI Ut gu gl

2.8.3 Jaaes Uitter) way dgyausuNIUTNNG (Phase noise)[6]

%‘mLma%’LLaxé’fgzywm’umuL%aLWat‘fluéfaﬂa%mﬁwﬁaﬁuaﬂﬁaﬂszﬁw%mwmsﬁwmwanmi
Ailinauiivienasdunzinnuimasongy lursssdudiamuiiiaiwindamilenifiush
fiuuse (LC Oscillator) w30 2933 innufLuuIawmuRing | Oscillator) Tnavialuasli
sudnauildreiisuduraiieannsiiadyiasuniunieg finatanueddniu nadn
anuiildasfivessasiidenud ondt “Iames” Tnodyadnnesavuantogiuzives
Tauai(Time - Domain) Mfgﬂﬁ 2.21(n) wansdgygauinilunisenundlideal Clock) A
ﬁ’qmmﬁud'}ﬁmwmmﬁm'luqmmﬁﬁ?u%ﬁmunmmme Period) AAsTiRaDATIIAT TUf
NIEAINIINTAARIUARIEY I UNRNIIE R DR AusaeatIwIan ualun1aU TR
dygrauiniazidaatunanluwingy Famuateisssiniuvieanadils duitaindnnes

n

2
=

uluwasiuliadygauninitiues wanslugui 2.21 (v)
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y -

}(EHE‘I

Y-

(n)

P

AP0

-

y -

()
JUT 2.21 (n) uamsdryanamundnilunsgaund (v) uansnsiindsneivesdayia

Iugﬁﬁ 221 (n) wamsmsiaauivensssiudaanud lunsdilifadyyinsuniy
viohiAndnmeitusznuinasidaaudesliininmnuiieseuiieavini lunsdi
Lﬁﬂﬁmufymiumw?mﬁﬂ?mma%%uu,amﬂuguﬁ 221 () WU IUUAAZUILIATMATAUR
auiessudneuEnaisawagdinlndfssTuanuindniiadiau dygrausumudaaii
anamunaiierfuiunisiiadamesvesdynin dudeiinainarunatvesdyginliaed
\Wisanndeynsuniusngeg é’zy,mgmmmm%aLWaazLLﬂmag"Lugﬂmmimuuﬂmm?{(Frequency
Domain) Tngazuaniogluguvesanasuidauazauiinars (Center Frequency ) lumsga
ARvsinanasufdaitssnnuiifieaindy wilumsufoRnisifedyamsuniuiig ils



anudlaansasiliaaudlieed Wunaldanasuiduialoduuud(Sideband)
wanslugui 2.22

Actual Oscillator
Ideal Oscillator

@, =0 [ : a

JUN 2.22 uansmsiindyausunudaa

v
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3.1 uni

Tuuniezndninesiudaanuiuuuiumuiugiu deulvnsiudeanuiveins
fufinaudtuuasunau Tassadavenasiudannuiuuulawiunuudaiaeus (Single-
ended ring oscillator) laseadauwuuavinesisuilea (True Differential ring oscillator) way
Tassadsuuuiaiioudviivesisudea (Pseudo differential ring oscillator) AALAULAZIANBLTDN
299sifinnnniuuuiuuLiagiaTiaing 1asidanminuumumIUALiIELs Iy
1As9aT196199 T 5U5UAMLAY02995AEAANUBL UL WaEI4S AL EAAILA UMY
AuALFBLI ST IEYS

3.2 wumwama%mmﬁﬂfammwmmmu[cﬂ
awimLummmmmmmmmaswwummmimLa'mfa'ﬁmamma@ummmﬂummmaw
Imamamaummqm’luaaﬂmmqumﬂmammEmwﬁamﬂuauwm‘mﬂmwswmaammmmLm
'mwa'aawumuwmmaﬁmﬂmwmuummmamemmuaﬂﬂmamimaunanmaimw
(Inverter) mmaaigﬂ'samumJumu’;mamﬂmuamlu'gﬂw 3.1(m) aﬂwmmaaaﬂycgwmmmmm VDY
awﬁunaima%mmamlugﬂﬁ 3.1 () ‘

V1 vz V3 va V5 49
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Fyanauusadiu Ve ndulududyarudunvvesduneiineddiusn fagsdedudygiausnu Vi
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Mvualy N udunuduneswesdisiviwatd azwuitatlunssuiaanuiaziaidouans
Tuaunsn 2.1
= 2NT (3.1)

osC d

e tunsitdaaudluaunisi 3.1 auisavialnunlunisesadianlaainaunisa
3.2

1 1
£ = (3.2)

y —

os5C

e Td Aovarlunnswunduannesiduliesinosinvusazsl. anaun1si 3.2 1a1mse
pmivesaesiuiannudfenailunissaUszauazaeyseafilrandainulsequesduieiines
Aa UM TMINSE QMY IBUNBS MESINNUAREAIMI AT INEUNIST 3.3

dle €, Ao Wwandinudseaiiluniorinm
V,,, P8 LSRN 098U AR

[, fe nssuanlvaiuduesines

£
Qs ar

shsAuUiomdnurensasininanuieuuwninduegfuintiudunesiaeinng
wanaluaunsy 3.4

Wa P Ap dnsAUUADaNaIY
V., o wsasulnd el A EnAIN UL UUI AU

Tunsdiii N Lﬂuﬁﬂuqugaﬁu@:mﬂﬁt,ﬁmﬂ13aaa%;am%u wiaztindsngnisiindy e A
(Latch  up)  tufedygrnuussiuiigndieg ssdeeg o seaudyraniug Wunald
peadalaLme sl Mnaun1sh 3.2 aunsadsuanuilunisesadianlddioniaudsy
natlunsmiedyeaueidunesines Td vasusiasi
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1NN 32 uanaITaNyavesesdue fnesinvluvazyiluguBadu (Linear
region) Tagn C - Aa AAnugliihszninsuinniunweavesmeansuBanes aunfidusaiu

v, Wiuusaiy v, uagdinnudnuniumsiueivmiiiigandidiaudiuniuiven R @
nsudroudnuaud vie A1 ¢ lunsdifineansiudameivivuegludududy  (Saturation

region) wildanaumsi 3.5[13]

%) 2/
g = L= £ (4.5
8\/65 Ve, — Vo

R O —
v, : ",
wd &Y i~ ov R I+

JUT 3.2 wannnTangarasduaniwasinviagldtoansudanadiufen

Wethdunesinadinnunde sy TR LEIRY a11T0LansNAsauYalafisuil 3.3 lagunu
C, fy C, uagA1 R WA R wazeudi € =G, R =R, uay ¢ =g @W190

wiilsidunisanslouresusiiuiuewinmndansnuandunmlaaaunim 3.6

Yo | Z8afh || T8 | (g’"ﬁl)z (3.6)

v, |1tst, 145t | (14s7)

Werwmuali 7, =R C,
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- o gmlvi RU — gm2v2 RLZ T T

JUN 3.3 Lannasauyavesdunesinesinnsdeaynsuiu 2 /M

-4~
o
+

i as

MNALATN 3.6 ENWUIIHIATUN1501818UVD999TDIDSLABSINNLARE FI¥IaNWMLANT
mRUAUBINNIIANNANUUIsNIasmRs W ulneTir s ndaguinnveedyyin -3d8 wand

Tuaunsi 3.7

PNaNNT 3.7 MWANRT @, 19939330 UIDI MR SINVUFaTITiaIAY 90

3d8

pin W30 —— ThufiAe wuiaazildvhing —7 aue Ay iiensasBuneiineiinnassie
2
sunsufuyavasafidisinin —27 1aue Guasazulein dethasdunesinesiamansiiuise
synsufunaseglivihnuvishiannaifanisesadiantd iemmparosiygiamaiiu
Buwnuazmsduteiwndatbiviniy £27 Wi +360 duleq
Frinsasdueiinefinnamdhaseoynsuiu fuaneisasauyalusud 3.4 9anaumsi
3.6 amsamilaigunastisleulsfaunisi 3.8

Yoo m——hw—(gmﬁ’) (3.8)

V. (1+52'])3

s

WotResdunesimasinaumuinsaynsuiuaswudl yuwlavausazaasaziiavini
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NNEUNTTN 3.9 JAWNTOMANUDTIUVINTOOATAN @, WINaNNTN 3.10

3

o, =30,, =— C (3.10)
RICI

ndeulunisesadianyoauniiansu inulidsuvesnisesadian @, A1BATINTIEY

guazdesiAnnnimsewiiunils 199s3szannsoveadian HARIAIALNTST 3.11

(E”R‘) >1 (3.11)

NN 3.11 ANdnIImsIedianiinmsazasneeadianlaiiimiaiy 2 daandly

AUNST 3.12

g R =2 (3.12)

+o

VF

< 0

0
I

z:i = -3 [ ! ) o
JUN 3.4 UAATNITANLATIIUNIDILABINYABEYNTUNY 3 A7

193571 IAANUAR UL LBN99s SueaTianlurns Nd g MUl ssauan Azl
Armudvinty @, wazidlessiudyaausiiudaniniy anuilunisesadianazanasson

[ s [

unselisanmeasi wasfiossiudyqinussiusgluaniizdud Arnuiivesniseeadiand
. & "W 1 1 o =& ¢ 3 " w ° ' . |
annzduivziidiniu £ =— widniBuneimeiinmindefuduinnuavguinndt 2

37,

3l avnuihilguialuniseeaBiandisane usiasarliamnsneoafianldiiessiniases
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LAREN1IEANN fatUAIsRaLYintAeasA i nudnuuLmIwinnisenadianlansoiiase
duneswasinmiduarAsiuiy 3 srulliaus

3.3 Tasead19reasinflinaauiuuusuniule]
Tnssadnwessasiuinnnuduuurumumuisautwiuiavesnisifedymials
Fesoluid
1.lassad1uuudiatous (Single ended ring oscillator)
2 lasaasanuuAnmesisulea (True Differential ring oscillator)
3 lassainuuuialiouiiwesisullisa (Pseudo differential ring oscillator)

3.3.1 lassa¥nuuudaiaaun (Single ended ring oscillator)

T daALAL VUL UlATIAT L UUELAaLeUR (Single ended ring oscillator) lag
asUsznaumensudamesvlafinazdusoiudis uandusui 3.5

N Delay stages

GND

JUN 3.5 WaneaasiiinauBluu RNk UUIAR A UA

N1591191U8T892993 AU EAAIUAL U UMW UL VLT A UAEI NI Ta TuLAazAA LD
a5u1e Taguuanisiteuesniliugieg Tnenialdsuudaswasdygyimussiunisdiuesnidied

[

eI e wanalugun 3.6(13]
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M, Off M, in Triode Region
Vout i '/m\il‘)"

&\_‘L,

/M., in Saturation, M, in Triode Region

Vop 1 _ ‘
M4 and M, in Saturation
: ,/" ¥

M, in Triode Region, M, in Saturation
M in Triode Region, M, Off

-

YTH1 Voo~ |VrHz| Voo Vi
JUN 3.6 uaminsiasuulasdnmussiuniaiiusen

mﬂgﬁﬁ 3.6 A IULIIHUNWNAIULTT Vm%L‘UﬁwLLUaaT,mUL‘%uaﬂnisé’ULLiqﬁu@uﬁmﬁ
aufeseiunsedulides v 9ol 1 Gusumsieuiledugiaiseiu v, vieuseiu v, vas
wpansiudawmes M, Handeniussdudacu(v, ) ilineansudaned i, livinauCut
off)  uwseAu vV eildirduusssuliides V. wazluvazifeaduneaninuianes M9z
vaulugmudadunsesulaslon(Trode region) usiayliifinszudlvadiu Tutieil 2 Weusadiu
v fianfisduausnnnidussiudasuveaeansudanes M biueansiudanes M, 50
ﬁ'mua&ﬁushu%‘mﬁ’;(SaturatIon region) Liodanus Iy v dlfann uazueansiudanes M,
aefanainenlugnudadunioutdnudazinsrualnanawndeingliides v, Wiinsne
Tuthadl 3 1leusesty v faiuTuaunseiailiueansudanes M, uagseaniudames M,

o

vioulududuinlegludiiiasiinssudlvaggaudavidunaasdug ludiei 4 deuswiu v,

'
= =

fianfnduaunsiueaniuBames M vinnuludnaudduy wazseamITaines M, Baulu
grududi asiinavhlinsvualvalursasanas neoalfouiweansudaines M, vty

v

TH2

Msy(Load) Wfuneansn@awmes v, Tugaefl 5 1ilows Wi v damnnnduseiu v —
woansudanes M, wliviriuiazieansiudaess M azihoulud ey RN
V., Seviriugudlhan

2psALdaAUALUIIILU LT AR s :’TJagmiuuaxqmﬁaaﬁvammiﬁﬁ:

1. $nsAuddomdsud Weanmarsarldndsnvlutrsiivoaninudanesisae i
yuyintud slunsalassadsuuuinesisudsaiaseyidndinunasaianliin
seansudaaesazimdelivauimuriidosaniuvdsitanseuangluacs
o
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2. ssildygaussiumsitueanuiiuunassnelu(Rail to rail output voltage signal
swing) %@azﬁaa’lﬁﬁm%mma%ﬁaﬁzymu'ifuiumm%al,waamaa

3. 2vasfianulidedygyinsuniuainuvasineSupply  noise) wardaIIUNIUIN
§1UT4 (Substrate noise) Azdinaviliiindnmasvsodyginusuniudunals

4. 2assedlddunesinesinmduduauavamtu Faudyaramisdiusenaziiifies
dyyrandien uivnsdiinnudesnisldnudygransdueenlaefidyaauuuuma

Wennukazanaiy

3.3.2 lassafnuuuinesisudua (True Differential ring oscillator)
1WIANIAANALUUITIULATIAT LU UATIWeSISWTa (True  Differential  Rine
Oscillator) #3lagitemeasyensuvosynsufiudusnouarivieguanslusud 3.7

i
o
#I
i

()

JUR 3.7 uanamsrtelfrilassasiauuuiviwesisudea
(n) runvresveeduaed
(@) Innuvereduag
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GND GND GND
5UN 3.8 uwamalaswainniglunssiudiaanuiiuunuiuluuaniwesisuduald]

1ngUT 38 uamslassaitanslufugrusuudivofisudea wesasUsznaudae
HBEANIIUTANB TV UMD UADINI ATIUA UV ULIMAADIRIRASWRIT BN TBUE IngaiTnesuny
myviauvessaslédsd lwannududuiesveeiugn Sdmualiueansda-nes My,
unszua wazneanudanes MV, adluannzliiinszud zdwalvusaninudanes M,
Y99299598 A nIvLaLarIpan I uTanes MV, agluaniizlinnssua wuiioaiulu
NITVYWERUFANIBNBANINTANE T MV, AsthnTEualazueanuTanes MN, Izagly
annavlidinsgia Fufudssiuiivinmenieansiuiaines MN, 3gdianviniuiLs iy
uwndsinelnl v dagisifuiivunsusemeansuianes MN agsidwiniu v, —1 R field
weansudamas MV, vinauludwdush ussiuiinnasoumimumiu R assasdiAndniiusasiu
Tasuvowmeans wlames M,

wsau vV, waz v agliinaduiussainasyiunsediu v fuV < R wanslugud 3.9
wdunndussiu  V, uar V) fld1dsfugeaniniu s R, Tuwtigfiveansiudames M,
thnszuauazueansudaines My, ogluaanizlitnsswady usedu v, ssUdsusyiuus
LsefumLsIAY V, LHesannuaansmdmess M, auludnunseaiaasinuusafy
(Voltage Follower) wssdfu ¥, azdifsgniii useiu v, fawinduusediu v, fufidedian

b R : ¢ 2 Py W &
wirdu V) — 2 faueansiudained MN, uay MN, aviinssuanioudiu ndeeantu

uoanIIuBames MN, wngminTzua LazueansuTanas MN, NI SEAULTIAY V,
AT UMUTEAVLTIAY V, uny Anudivewsiy vV, wsfidnluasavinvesnnnuddygio
ey V, uag V, Tunmeujiaanudiunig R avldueansiudawedyiiad (PMOS) lagagli

woavsudanesinulududadu Mifoueansudanesszlinuauifidusiunutives
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>

JUN 3.9 uansmnuduiudveusewiusenina v, |, v, uay V(4]

wsiiiiaruBusumusuitias i dsadqnsusas gadosdile]
wasiudinenuiivutiuvnulassaauvivesudsasaunsnaialnaldiuiuiasvenadu
ﬁm’mgaﬁuﬁw%ma‘u@j
1. Mdnduanusumulaunsay (Common mode rejection)led  Hianulisadyau
FUMUINUUEIT8(Supply. noise) WATANIMUITUNIUTINGIUSDY (Substrate  noise)
Gl
2. &yyaisadunisinuaen(Signal output swing) frtteundiuseiuunasdne V. Vil
i lduanaesunu Wi dyassuniudeeungl danalAninmesluianiuiy
fisnAuldommdnugaiesninasaslindununaonisailiiseansudaneses
vnnumialiviinufnniominiuvasinanseuasglunems

3.3.3 laseassuvuatioufnwasisu@ea (Pseudo differential ring oscillator)[6]

1easindanuiiLurmulLuuEd suAnasisuea (Pseudo  Differential  Ring
Oscillator) me’LugUﬁ' 3.10 (M) way (v) aansassutenisvinanlied

mﬂgﬂﬁ 3.10 (v) Lﬁaé’muiynmﬁmmmaa MN1 L‘fJumﬂLLaxﬁzgfg']mﬁmmmm MN2 1Dy
av fnavhlfueansiudanes MNT demsasseansudanes MN2 livinen usaduiivinsy
999 MN1  azdandrlndgudvinliueansudanes MP2 vy nszualviazlnasiou
woanswdanes MP2 luuszafiaurdnesinasviiliiussiuuan Vo  fiadhlnduvdsdnglv
Tumamseiuduiy dedymnadivinnues MN1 ifuauuazdugiaivianees MN2 Wuuan §
navinldueans udames MNL LivausarieansiuBanes MN2 viau usadufiviasues
MN2  asdidndilndgudvinliueansu@aees MP1L iy nssualwihazlnadunsudanes
MP1 Tuszgiinmh@nesTuaminliussiuau Vo Sandlndunassnelyl
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(n)
VDD
T
M‘.[zll;\ dl_jz./i"PZ +

0 VO

-|-o—||:MN1 MNZ:h——o———
A
GND

(V)

35U 3.10 (n) LAAIASAUTAANLALUUI UL VUL o uAW WIS W Tea
(9) wamslassasnrslunuguLuuElsuRweaslea

ysfunmi iU uEd oA nuBsatianaulas gdoeAeiil6]

1. 19siFyauLssunaiesnwiiiuwrasatslil(Rail to rail output voltage signal
swing) FavzdasliAninwme s oduannsunudunaanas

2. lumseenuuuiheenuuuligivieaisudeatiauaumsdiuiassiuasiliannisifa
miﬁ’ﬂﬂgﬁfyﬁgmwmumﬂmauaﬂlﬁ

3. 2asiinnulsedyyiasunIuaIng uses(Substrate noise) Axiinavinlilindnneivie
Fyanasuniudaala
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3.4 'awsﬁ"lLﬁﬂmmﬁuuu'JﬁLm'auﬂ'm@mﬁ'mLL'Nﬁu[6]
2nesiufinnnudlaeiluidediluldnudesnuuuiineonuuulfaunsaduiinaaudls
vaneaud Insnswdsuudasnuiinsiueenvessasiuiaanuiasuilaiduveanis
muaumeiudt Sadyaramununmshudnazeglusuvesdyauuseiy 3U 311 uang
PuLIARTug U NsLdanLEnunudsussulasdeuuAsuus ey V., sy

g lidyaamisinueenV  Wdsuuuasanuilaedanudifiviuvseanas Tugui 3.12

oo ou

wanansiinAdufivesrasiuiaanuinivauignssiuwuusiiy lunsalnlafideyyio
ATUALNINAIULTIRE A udnIIueesn @ iU @, Mioisendnnnudnisulle (Free

running)
Vout
Verl—ped  VCO »
5UM 3.11 WafanuluIAnTigIuve99sindannlnstnIuaAN R8sy
Vour(t) (out = Wo
Vour
Vetl V. - \
VCO

JUN 3.12 wanansiieAuinsuilivesaesitinAuanIuANA BT IAY

Vour(t)

ANVANWANES
'V V V V

Vourt

Ved—md VCO  —o

5UM 3.13 uamn19inAudl ol A uAIUALVIATG
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lugu# 3.13  uamsmsiinanuinisiueenvesasidinanuiiaruaumenssiuiled
wssdumuausudalagaufezdsuslaadudasrdiunuuseduaiuauinudt dnsams
wWaguwasaruiilieUsuidsunssiunmemnudnuanddugu 3.14

out

- ————— — —
-.--1.-.-.
|
y I
l"' |
a)l —r"— |
:' ~ 4 Linearity |
|~ | I
| s-====- Non-linearity :
»
Vl Vz out

Uit 3.14 uenarasnsdouudaspuiiilay SutuasulsiunIuAEA D

PngUil 3.14. aunsamawduiusvesnuiileuTuiidounseiuniunulianaunisi
313

@, =0, K,V (3.13)

ou VCO ' etl

do @ . e ANUINNAILEENTEINATAINAUAAIUANAILLT Y
@ fip AudNIsulla (Free running VCO)
Ao wnaEinsasuwasmREloU S As UL uATUANATILEN

Ao WSITUATUANVNIAULN

Pnaumsf - 3.11 asnuindielifiussumuaunisinudwseliauseiuluaud agili
mdvnsiueen @, whiv @ lnemud o, fie AnudwiTuls daueik, @ansamld

NEUNSN 3.14

w, —, rad
K =27~ ( V) (3.14)

Vo
V2 = V1 s
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2asiudaanuimuausisuseiuiirasdedigunisivdsundatauiinirawide
tuning range ) WatAsuulasussfumuaunisiud wsosdifynuussiuaimiaiusonii
g@4(High swing voltage) Tifierlinsndameviedugnasunudunaanas uazaisasi
FensiasunUatnuiaed (Tuning linearity ) Bsnnududaduluvazisundaminuiae
finasionsidrgannzdonauiivenasadongy nsuil 3.14 dyananduiiv uanenis
L‘Uﬁﬂmmaemmﬁ'ﬁgﬁm%ﬂLﬁuimaé’mwmiLU%uLLUaaﬂmm?ﬁsL?]ué’mwehuﬁ’uz,mﬁ’umuﬂu
madudn dyanadudssuaninisiisuutasruiilidudaduiNonLinearity)  @slunng
g unnauiBnlisesmsliAntuluasesiidneudmunuieus

3.5 n1sABuAuAveI9RsAITinA U ALUUIIUAIUANAIBUSAULE]

nsUsudsunnuivenastufisanuiuvaswmumuauioussiuansaudeenls
du 2 33 1duA nmsuudsunuuewaanContinuous tuning waznsuiulAsuduudinea
(Discrete  tuning) Tne3n1sUsudsuanuifnanundisduaiuisadiuunsenlfiuwinde
fasteluil

1. nsuSuamilaeisnasifinaeasveny (Number of stages)

2 msuSupuileeiimsideusvan (Loading)

3. nsdsuannudleeSusuludanssua (Drive strength)

4. nsuSumuilaenisusunsesulusa (Voltage) unasanely

351 nsUsUAUALABNISIANSININA9RsEIY (Number of stages)

IINAUNST 3.2 azwuialunsuSuilasuauianseialdlaenisfigdiuinisasueng
yWomsifiuiuds Nifuies wasdnisnilidenisuudeusi T ¥50AMA MU 9UB92995087Y
Wesunesmesnnudazd Tunsaldisnisusuanudlasnisiitsiwuamsaldisnsusunuy
AanealDiscrete tuning) Wiy Tngldhsastaimdndateluninfondtuiuronsasveiy i
LLam\‘ﬂ,ugﬂﬁ 3.15

N Tune
—i 4to 1 Multiplexer

JUN 3.15 uaninsuiuanuilagn sl vens
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N3V 3.15 iWumsusudsuauiuuuainealaelisesiafmdndundusdiudny
YorNaTTEIEMIoduesnesan lunsiudpufiusiuiuasvneviodunesnesinnasay 2
§ esufuiwsseenieduneimedinniiuudissdoaduiuiuavawhtumudeulunis
saadandaiinanunluuni 2 "";%m'sﬁ%’ummﬁLLUULﬁuﬁﬁuamwsmmaﬁﬁ]mﬁuﬁa Hgung
Waguulasmuifiniuas mmmmwummammsmmlmw Lummmﬂumsmmmmu
fimea mummasnﬂam'imeqfmla'1amaaunasma'smmxm’lmauLﬂamwaqmutwmuuam

°

mﬂﬁgﬂ@miﬂi‘urm:,umm‘umfamaaﬁlswﬂwanamLmaimaamvcymsumuwmﬂamﬂﬁuu

352 aisuiuanudlaensiuasudiivan (Loading)

nsUsuaruilnensasuaivanannsovilslasnismuaLLUUsUABNLAZLUURAREE
nsufuaranuiumuluanltlunsdesnwuulaslassadruuuanmasudeanieisnisuiu
Fdiulszginanidesonuuulpelnssaiuuudunaeus Tuguf 3.16 (1) wanIn1sAIUANLUY
sunasnvavsiilnarniiuuatuilasiaanuudaineudlasiinisuuasunusn
waslalan(varactor diode) BarrmanugazilBeuntasmuusadiuaay Tugufl 3.16 (1) uam
nseuRuLUURIsealunsUuAsumsdlasmsiudsudiiuiulsealuan luguil 3.17 uans
rasiifinanuisuuisnulasEauuinme isudealdiBnsiasusiunuinan

VDD
VDD M2
v t +—0 Vour

v 4
’ Vou TR S G Ce

i _f IR/ @l

.

aVB Vcn VC VC VC

U1 3.16 (n) wanansiasurnuilagldinusnmesinlan
(v) uansmuANLUUAInealunsUdeuAg

93U 3.16(n) wamensUSulasunudlaensdsuddiiuusygivan tngldusn
waslalamdulunandaAuyszg awnuraaisnisusuainudlagnisiasudiauiinanie
annsauFuaudldasiden dersndszniamilefefiinasinisWasuwaiauniieuiunieu
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=

usasunruAuiug Seazdanalidisanninininmeslussuy dudedosdedvadlunis
wasuwasnuifiuauidesnindedidavesddufivuszanmausninesialen lunsdifidanis
FadlumsusumminiaduaunsovildlasBnsaunuuuuiinea navdslilwanfafulsey
vangqalagldueansudanesiiuaindlumsiBendiiivuszafuandluguil 3.16 (@) Tuma
Juadsuldueansiudaweidaldunuvusaniui@mes (MOS Capacitor) [14] lagsevuiged

v o oas P o = s =] o 1 v o a a =3
LUINUVIATU L‘WQW’l‘VI‘I.J”I‘ViL‘U‘u&ﬂ')Lﬂ‘U‘LJiz‘qLLUUUE‘UF’]’]IF]WJE}ﬂ’lﬂU@ﬁLLix‘lﬁ‘luLmUIWaﬂﬁnLﬂ‘U‘U‘iz’ﬂq

MP1 MP2
Vo v, +
- —o0

o0—ri
v+ o—|l:MN1

GND
U 3.17 uansnsUiuidfisuanuilagnisilasulnansididiumiu

NJUA 317 (weaNILTames MP1 waz MP2vihndiiiaiiouluanauduniulaeiiie

anAwssuRIUAN V- asazdinavinliatanusumn o, aemeanitudidines MP1 uay

MP2  anad dnalirvirsnatanasviliaruigety samuresiinisuiuanuilagyFuen
anudunulvan fAefignunisyiuanuian s uagdaaseefousssuaianaduoenasiial
L iiosannisiasusdasdanaiiunadlnan warasiiussduaimasdiueandiiesnnd
unasdensruawuudaTE(independent current source) BiBtuIIas

3.5.3 nsusuauilagusulusganseus (Drive strength)

nsuFuauilaemsuiuludanszuailovunldfulasaauviaiaeudwioiSundn
oganiiadn 2aasdianszua (Current starved) sauandlugud 3.18 nsuSuaruiansarili
Tosiiuneansudawesviafivazduirlulusesdunesinesinnuazaiuaunssualvarulag
Tussfunruaufivunvesweaniudamedisans Inoflveanswdawmo sulnfiagiminiisng
nssualuuszaiimmurinesivan ¢ dussansuiawmesvlinduimihitidunssuadisne
Usz991naBneslvanainsin nsludaveanudamesiimihiisfansruaiaosinag
wondudasyrieiu foonuuuazdessenuuulivuavesmansulanesviinfiuagduduiudiu
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‘ﬁg\ifft,ﬁaa]ﬂﬁmzm’[,wzhwix@uaxmaﬂ‘ssfgﬁﬁh’iﬂélﬁmﬁ'w‘%awiflﬁ'u(Charge and Discharge
matchllagdnszuarisUszquazasdszglivitfuasilitaniminannusazviawes
FygrailiviniuRising/Falling - mismatch) usilunwufdldannsavildnssuatiniszquas
medszuiiuld adureinisuiuasurnuifeisnsiianssuatasUszquasaieuse
iuluanaU Bwesfofigunisuiuanudfiniie uinsesadiansuiiainmefiintulugaei
nszuamuazueansudaned MP uar MNIngazdauhredygiaanundsdisuazgiuses
uenINTuNeansIuTanns MP uay MN SaalFusefuadmiadiusenillaifusedy

uviassnalv VDD
V

Do

o V., (MP) J
——] "
v

M2

V(.‘lr_

out

M1

Apape
[ Vel e

ad

GND

JU 3.18 wansmsusudsuanudlaenisusunszualuds

3.5.4 msUiuanuilaeisnisusunseauluda (Voltage) unasanglvl
n1susuAuiesadaianmeismsUSulseiuludasasinuvasdnaln v uanslugdi

3.19 veaniudanesazviminaiouluinauniu TneAraauauniuazdueg fuwsdiu
AUAN Y ussdudunilavanasaueani udanosuazlsinudndIuniliaranAsonlems

paadaLaLnas UUAAD LI V g Wiouaansiudalnes MP IAIANLAUNIUAARIILVN A

nsgwalvariuasivdudinaliitsesadalawmasininungiiy dmiuganuresisnisuiu
AudlagisnsUsvusanuludane dermwnsusuanuinnhaazazanunsaiiiaaudiags A
UNTmas C UNUNNanLSIPUNTEauT1an8l%199500aTaLaLADSTILVILAANITTUNIUYDY

as

QINTUNINIING TN uRnflgnresRaliussiuaianieing

oo

AYQYIUTUNIUINNUNAITNELD

@t

vd
panmdsazyhlmindnmesnsodyasuniudanals

o
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c== —E>o—E>o—E>oJ—o
L

GND

5U7 3.19 uansmsuFuanuilagiimsuiuussiuludaivasingly

nlAT9a% 199841993 ITAAI N BL UL LA T M TS uA LBy UA1e Y Find17an
Frasursnuilunsuasinssaivasilpaunasiafesuind sty Tusgfunnumunzanios
ilUuszandldau arslidudenmfivennesindaanufuuviwmiusiininnesuie
i ut:uuﬂmiumuL%&meau%"}agaLﬁmﬁ&mﬁ’mq%sﬁ%ﬁmmmﬁgLUUGT’Jmﬁmﬁmasﬁhtﬁuﬂizrg
sihiluniseaniuusesideaud doenwuuliaesindnnuaiusduaimeiiu
aangau,azﬁmmﬁamhaamm3Lﬁm%mLmm‘w%aﬁfymmsumm%mwqumﬁﬂLﬁﬂmm?ﬂmma

WMIUAITUANA BT IR

3.6 assnufinauiatuandsuswiumiee

Tuineninusaudidnilaidenlfrsesdniamaniinuquisuseiunovdaianud Uiy
aualnensUsulusansyualCurrent staved voltage controlled oscillator) tosanisasla
ﬁmmiﬁ)ﬁgmﬁMS‘Uﬂ’suL‘TNLWﬂﬁEjdLLG]'Lﬁuﬁ?ﬁ%iﬁﬁmiﬂﬂ1§§ULﬁ§adwﬁﬁﬁﬁuﬁi’l UAZWUIINASA LR
AnudiruAunsussulvuBuiaeusseidmeeiniedyginusuniuduvatssnilaseaing
wuuArwesswduall5]

mATANMSEENLULIRIAERAAATUANMLsEuLUUIIY Tasnsuiulgailnda
Inmedtedyansunudaraituiu ﬁéhaﬁ’wmaﬁ‘ﬁ?}&wawa‘gﬂlﬁﬁaﬁ

1. innszualumsdssquiemesey duifemaiiudnsdudomaiany

2. iuussuadmaduesn Fasilidasdiuseninsdyauardyyiasuniu (Sienal

to noise ratio:SNR ) Aty
3. inlnassufulsygluuiazamavensesindanuiuuulewnul21]
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AEFTusvedy usUNuduaLandlfanauns 3.15 Fesiau1safazannisiin
Fyaasunmudanalamensiisussiuaiamedusanuienisiiunssua

@, 11
Re lative Phase noise oC — (3.15)
Aw Vswing™ 1,

Taseasrawuunuudaiateususuanualnenisusulusanssua ladgifednauenany
unA[17-19] eiaguiuussganeeludusineg ve91935 Tnglassadafinusanalugui 3.20

(n) (V) waz (A) muaisu

beas o—_l
-
M2
Vi ‘T chr
M1
—-

|
s
3=

(n) (@)
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gi}ﬁ 3.20 (1) wam93939 Current starved VCO
(1) a@n92995 Current starved with symmetric load VCO
(M) LAMA993 Current starved using selector switch VCO

13U 3.20 (n) wansaesiuinmiauaEFsRs UL UUTAAaLaud USuanuileg
msUSuludanssuauuus iy

U7l 3.20 (@) wanneasininanuiimuauiesutuudsiateus Uiuanuilaens
YSuludanszua lagdeusansiudainas MP2 sunufvusansiudainas MP1Lay MN2 6o
YUAAU MN1 maamwu%ama%ﬁﬁmmu%zg}ﬂﬁi@lmmulmiaﬂ Totvurnvasueans1udanos
MP2 axTigasidiu W/L winfu MPikazluviusufienduruinusmoansiudaines MN2 vl
dnsndiu W/L winiu MNL1eesasiigaiufe Anmduiustonssuauasuseiuazdamudug
Lé’umnﬂ’jnwﬂugﬂﬁ 3.20 (n) [20]

5U# 3.20 () wamasAinAuAnUANMsLTTULULELAaEUS USuanuilasnis
Usuludanszua Kaasiigaiudeldinaiinifenaindueansiudawmesiievinisandyaasuniu
1/f fifinduluaeas gafetventasiedetesnuuuiasaiidygiuuniniieniuauiimmenis
AVDUDENIUTANDS

2993t udiannuinurisnumuaufsLssiuiiaeIudenlilasiaauudafaeus
Tneldmaiianisifiuussiualmnsnueen Wesmnlaswadauuudaiaeudisasmsauudos
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wis e dawanslugud 3.21 Tesllueaniudames Mpywmihimiuaunssualugndalsey
Inenszuaazlvarumin@ames Miuaslldauseanlvanduivuszailun v ueansiudanes
MN Yt avupunszualutisnedssgihulaonssuanoUseasivaiueansudawmes m,

wag MN 2905128 Neansudanes M, vimthituussdualauanilua V dedygiuiign X

s o

Judyyay uwasluiuueansiudames M, i fdinuseiuaisauiiiun L{Lﬁ'aammﬂmw
90 X Judyaauan WievlimfiudnsdiudyyradedyyinsuniuGignal  to  noise
ration:SNR ) SAnfindu Fsavdwaliannisiindnnesviedygrusuniudanatues gﬂﬁ
3.22 wansdyanneiansiussnidedyyumeinudnduiisdyaadnuinuagdnay

V04— WP Y vy — [T -
_l M —'l | M3 ——{ | M5
X V, v,
Wavs =Lt oV
0—' [ M2 -—{ Mma —-i M6 out
VGN o I[ _.A_AN MNS l" 1_‘ ’_’A_/‘W Mg I_' l_‘ —-DA:W MNS i_

JUR 3.21 waneasiuiinanuiiriuaumsussauitaue
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£% =1
g luau
arumadunduuan

JUR 3.22 (n) uanensaivesdnammisiusentile

! iy
(¥) UaAINTEievadey ey

ananasueaniile
PINKaNITIasIMTiLIeIsidsmLimuaNf s I uLU UL Tuguii 3.20
(),(1) wagaeasiinaualugud 3.21 uansliifiudn asfidaueindyusunudarados
ninsastugud 3.20 (n) ,(v) SlAUszanm 1-2 dB Tudoulafidhsnsiundomdanuniiuuas
fianufiviniu JUR 3.23uae5ud 3.24 wamansiUisuifisuussduaimsinusandamyuineesi
ﬂmuaﬁmﬁuaﬁqmaﬁwaanmﬁuaxﬁﬁhmnn’i’nﬁmﬁauﬁ’ma%gﬂﬁ 3.20 (1) ,(2)



Compare relation Power and Phase nioise
76 T T T

it T
—— Basic current starved
=& Current starved with symmetric load
—%- Current starved with MOS switch

[ £ STEREEER
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o0
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Phase Nolse[dBciHz|
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&
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:
o
@

-84

i
4.5 1 1.5 2 2.5
Power dissipation[mW)

JUN 3.23 uanamsieuiisudyausunudsildlunsdenmudfemasnuinty

Compare Voltage Swing
!

Vswing{v}

—»— Basic current starved

: : : : : ~€ current starved with symmetric load
: i i i J_ ' —%- Current starved with MOS switch

1 1 1 45 T T

1.2 1.3 14 1.5 1.6 1.7
Voltage control {V}

1‘;7 0.8 0.9 1 11

3UM 3.24 wamansilIsuiiguusaduaianisiiueen
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Periodic Steady State Response

*Basic current starved » Current starved with symmetric load +Current starved with MOS switch

4.0

3.0

Y0 (GHz)
= w
& s

o
=)

w
o
i=3

6 3 10 12 14 16 18
Veon ()

= i = = oA ) @
JUN 3.25 warenastUIsuguNsidaguudaInuRila s uLTIuRIuAY

Tuguit 3.25 wanenslUSeuisunaUAsuilasanaidieusuussiuniugumui
WUUI999 Current starved VCO agdigniluntsuduamuininanit 2993 Current starved with
symmetric load VCO wag Current starved using selector switch VCO wevie 3 29953¢dien
noelunswasuanuiiiieuuwssiilndifesiunasiiimnududaduladide v
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GND
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5UM 4.2 (n) wandlassainelulaundinandudasuldaiuaunsdalsey
(v) uandlassasuaglulaunlindvaunasuldnruaumsaeyszq

9ngUR 4.2 (n) uag (v) wandlassaramgluvedlaundindmaunasuldmununsdnysyg
wazmeUszalaeivdnnisinnuded augfiannindusueivn UP was ON fanmady
a93n 0 ﬁgqq' lodan Fee a2 Fpy WJu 0 zviilvueansuawas MU, MU, uay
MD;,MD, %1191 ﬁﬂﬁi’mszLtﬁlwamuu%ﬁw-ﬁs@ﬁim U1 uaz D1 (egluanmig Pre-charge)
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{fionsIIMUTOUI T UTEIEYE I Frer daaliioansuBanes MU, vinau vinlilue U2 e
Wuduaein 0 vilW veamsudanas MU e daualiieinn UP ssdinuvinduuvasingl
wiouaedn 1 FaavrilfueansuBamas MU, uaz MD; vinau Lﬁ'awwawﬁwmﬁmﬁgm
Foy 919 MOS MD; vineu desaliflum D2 fawviniu 0 azvilvineansiudamas MDg vinau
dawalvinaliionvinm DN fidvindu 1 vilviueansudawad MU, vineu Tua U1 SAwindu 0
daaliiovivn UP iAnns3idniu 0

A15797 4.1 wazms1ed 4.2 wanesesdureweansudanes malulaundinfvduvasy
lgmuaunsoaLazysey

Sn1aEuW/L) uaans1udamasyealauiiindnaurasu(UP)

MU1=(5/0.18) (um)

MU5=(12/0.18) (nm)

MU8=(12/0.18) (pm)

MU10=(12/0.18) (um)

MU2=(12/0.18) (um)

MU6=(6/0.18) (um)

MU9=(6/0.18) (um)

MU11=(6/0.18) (um)

MU3=(6/0.18) (um)

MUT7=(1/0.18) (um)

MU4=(1/0.18) (um)

A15798 4.1 uanagnIdluw/L) veansiudanasvadlaundnandunasu(UpP)

Samduw/A) seanLBaAmesuatlaudindnAurasu(DN)
MD1=(5/0.18) (um) | MD5=(12/0.18) (um) MD8=(12/0.18) (um) | MD10=(12/0.18) (um),
MD2=(12/0.18) {um) | MD6=(6/0.18) (um) = MD9=(6/0.18) (um) | MD11=(6/0.18) (um)
MD3=(6/0.18) (m) | MD7=(1/0.18) (um)
MD4=(1/0.18) (um)

AN5199 4.2 Udeensia1u(W/L) seanstudainasvadlaundndndunasu(DN)

mngﬂﬁ 13 UARIHANTSIIEBINNTYNUTDINATATIITUIMaALA(layout) nsdidnyay o
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yaeenuinfiniaduesdyain UP Ty Jwwuianunitsesiad ﬂx“”ﬁ'{uagﬁuﬁmwdawm
LWﬂI@&ﬁWLWaﬁmmwmﬁuwmé’ﬂﬁu‘i’m"L’i’]Lwaﬁfy,ay'lmmmﬁ'ﬁlﬁmmwmﬁmmﬁwm Aazyila
flgueauninuesiadann wavdygin UP asvilaiansendsey

mﬂgﬂff’i 4.4 WAMINANITIIABINITTINIUTEIINIIATITUWAAI1LR (layout) nTaldaya
SunnénedaFren TinadmddynunnuiilinnaesmsauiFdv) mnranshiasins

[
& = 1

yinuaznuIianaduasdyyin DN Ju Fwueanuniiwesiad asfuegiudnsidiuves
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Transient Response
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FuauaRlaIn1IsHITAINAFEIV)

Transient Response
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dygrannudnlaaneasmsanui(Fdiv)



Transient Response
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VFdiv (V)
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75
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93Ul 4.5 UAMNEN1331804INTININTENRTATINTUWAAILA NS0 N5dl
Feyeyraudunmdneda(rref)  TiauiiudyginmnudalinnuasmsanudFdv) nneanis
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mﬂgﬂﬁ 4.6 LLﬁﬂ»ﬂLLi\‘l@fuLﬂgﬂﬂ’i%a’lﬁﬂ“ﬂ%@\‘lﬁmmw'lm dlefimsdeuraimtuazdngs
wuiiannsansieaeuALLAns e lERILE 0 — 354 asrn Tnefivas Blind zone faus 355-
360 B3N

asuil 43 wanspuanURvenssnsindumanuitanldoulneasnuinesasiady
wanmdaansansedumaldszuing  0-355 ewen  HSnsAuUdsmdanuiishiiasening
19.4-525.1 pW

wmes A
wialulad 0.18 pm
w39 U(Vpo) 1.8V
29141UN15ATIVTUALFA L Tugne +27
Blind zone 355 841
SasAuaemdiny 19.4-525.1 uW
Huiitu 20%221m

A157199 4.3 Lansnan1sAadiitsonUsEgiazAeizy

4.3 HANTTIIABNNSIINLINRTEAUSYINAZ AT TasR DA EILthan e
431 ~esdaUsanazaieusseitianlde |
1a58nUsEganInTauUseentidu 2 viln fe 29asenussquuUTUNaEUR(Single ended

charge pump ) WazguuuAwiWadisuldea (Differential charge pump)[25] 1ITOAUTZUUVT

Raews feAfeasddnsnsduddeandumiddlolinmsansiadumiatuvawaniniu

fapupun1T8nUsEa(Charge)lasANBUsEY(Discharge)  UnsiigadasluGonnulsiauunsiu

ludaedauasmeyUszq(Charge and Discharge mismatch) #agiinanulidadygimusuniuain
wwasaelv wuuirlesismdea fgasuReiinauauunsiuluindauasmeussy uazliany
lasodyarmsuniuainundsdaadis Ltﬁi%ﬁﬁmﬁaaﬁaﬁé’mﬂgumﬁaawé’amuﬁau%’nqa Tu

IneninudiauilfidonldrasdauazatsUszquuuariledisudoa  Tufiilefeenisliiiaam

auLmsuTeInTianazaeUsey wazanaaulredyyusunIuIINUMaIT1E Grsiiliiin

Sygrasunudaraanas 1asdaussguuuininesisudsaiiinnldeu uandugui 4.7
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JUN 4.7 uanssasenyssaiivnnldonu

9Tl 4.7 ueansmdaimes M, azdudaziisunssuaannunasiienseug lcp LU
JpaNTLTaInET M, Las M, nsviafilnadiuteansudanes M, uas My svfidnniniufedian
Wi Icp wpansLfiamed M, arasviounsvudlydweanaudaines Ms daaniiudames M-
M, slanuWUUANWOLTULTEE

nyfidugee WP Wiy 1 wawdeynu UP i Ay 0 wazdeTtd DN fAuvindu 0
GITATREY DN Wity 1 agvnleansiudeawnas M, kg Mg a1y teaniaudamnes M wag M,
Taivhau 7ilum X aEifinnimiey ssgriunaansnuames Mg ay M; 2905194 Lua Y asLiianis
Sousvalnenssuaay Ivncnuieavisudatned M, Tusvaiinundmesivan

nsldgeId UP. i1AU O wagdasyiu Up e 1 wasdinne ON fdwviatu 1
Syune DN Wiy 0 asvilifueansnudaines My wag My o ueanstudaned M, uag My
Talvhanu Ailua X asiinmsdamszaiiuneansu@anes M, Wdmudinosivan C Tua Y 93
AanismelszalaonseuaazinaiuneansuBanes My uas Ms aanse nsddyeyia UP
war DN Wiy 0 uasdgygnen UP waz DN ewihdu 1 asvilviueansdames Mg ,M; Mg
war M haivinau ﬁuﬁﬁalﬂﬁmﬁ’w%am&;ﬂam w%aaﬁ,uamwﬁaﬂﬂqwmﬁﬁuLaq

mﬂiﬂw 4.8 LLamm‘imammimmumaammm UP waz DN Ltuaamiu’lm up mmm“

=i e
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Discharge

U7 4.8 uananisvhaulutisdnuasanoyss 1uaa3enUTEd

S5/ weavsn@ameiTsarummsdauaana Ty
M1=(5/0.18) (um) ~ | Ma=(1070.18) (pm) | M5=(10/0.18) {um) | M7=(12/0.18) (pm)
M2=(5/0.18) (um) | M6=(12/0.18) {um) | M9=(6/0.18) (um)
M8=(6/0.18) (um)
M3=(5/0.18) (um)

A131991 4.4 LansdnsdIu(W/L) seansrudanesiaasmunundnlasaelsey

432 NANNTINRBINFININUIRTESINSTRES 19D e Fan [26,27]

Tuguil 4.9 u anvitasadtansznadnedy (Current. reference) Taeiindnn1sviaureNas
&1 2993058 uasN95 99U ST NBUAI89993293TaS 19N TELE 19D s U U TUDALD R8449S UaY
atansvugoaninfuusliivingu ndentanihnssuavigesnindafuiedumsuarewseiu
waran)ll lnsuoaninudanes Me-M; LaTMFIUNIU R, WUNITATNATEUADNBIMILSN Las
N135a5 NS LAseB e TidasiinoansuTanas M- My, bazfmuniu R, laenselaninas
LL'ﬁﬂ%qﬂa:ﬁﬁauﬁwu@awim%ﬁma% Mg LLaxﬂ‘szLLEHJ@awm@hﬁaawzgﬂaxﬁau Tng
SpanIulawmes My, nszuafinaiiuueansudanes Mg AanszuafiinaafusENIIN ST
TwanuLeanIUTALRDS Mg WAz My Slausisuveumndiiodsunlasasiinaviinszuadilva
HULRANIIUTALRDS Mg Az M Wisuuadlaeeeiisaswasuuladudasddivintudea
Tnszuailnaiiuieansudames My,  fiaai nszuaiilvaduueansudanes My, 92
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dxvioulauuanIuTames Mys 4az Mg GIenumu Rs baztoansudanes Ms Hudad
wssrulusafivnnueweansudanes My, nszuadilvaiuueansudawmas My, was M; audl
Aifunszuaiasieulnguoansudamas My ijaqmwgﬁmﬁ'auLLUaaﬂixLLﬂ‘filuaﬁhu
N5UBAADS Mys waz Mg AvziUdsundasyiiinszuaiilvaduueansudanes My, finns
WasuwaslugnsdiuivinfumsiasusUasesnsyuad vaniuyeansudanas Mg Fratiu
nssuaRlarueansUEaees M,; Seliwdsuula

-Ii
L
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=
1
{
Ay}
I
i
7./

d ] 1 b2 = cai o 27
fg'thrl 4.9 LARTINATUVAIT BN ERADI DN LY u[26]

Tugudl 4.10 wamansadenszuadamdredaonnn 10 llasuead detlouussfurun 1.8
Taat TngusuniAsugumgiisang -20 s 120 eamwaldea sswuinfigamail -20 ssnsaidya
feAanaiavesnszuaniiy 5.8 wesdud wasilonmnll 27 esraaea JAndananves
nseud 0.8 Wofdud uasiigumpil 50 sswnwalea JaAanainvesnszuaitiu 1 Wedidus
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DC Response

~Varry =20 to 120
10.02

10.01

10.0

9.99

9.987

1 (uA)

9.97

9.96

9.950¢

9.94
-25.0 0 25.0 50.0 75.0 100 125

temp (C)

sUil 4.10 uamenszudleWinm owdgugaumaiioin -25 fa 120 ssrugaded

Tuguil 4.11 wansnszuedunnddsvunn 10 Tulasuond lnsdouusiuundsdralvaue
1.6 Thai Wspsndwsesiuung 02 Taav wiedafianainvesuuasdneuseduriniuay 20
Weddud 21nranssiasIn1syimunuinddRenainvesnseuamiaty 12 wWedidud uasdle
Youuswuunatinglvvuia 2.0 Tiav wiegeiausyiuund 02 lav wlaildndianainues
WaIBus U uLan 20 Wasidud wudtlidRamaeuenssiariniu 12.3 Wesibud

DC Response

—=Yarry VDD
125 N
10.0
7.59
<
2
o
=
5.0
2.5
0 ¥ T T
0.0 5 1.0 1.5 2.0
r 15991 9.8788uA . 1.9985 10.123uA Vdd () dx|dy 3994 244.42nAs 6.12E-7

U7 4.11 wansnszuaeyivm dlewdsuusedudsug 0 fia 2 Tav



Ypansudames | onsiduw/l) | ueansu@awmes | onsidu(w/L)
My 1/0.18 um My4 15/1pm
M, 05/0.18 pm | MygMyg,Miy 5/1 um
Ma,Ma,Ms, Mg, M7, M5 10/1 pm M15 15/5 pm
Mg 60/5 pm M18 10/5 pum
Mg 20/1 pm M19 20/1 pm
Mio,M1g 5/5 pm
FmTuNIUu ANAUFTUNTY
RuRs 10 KQ
R, 40 KQ

A7 4.5 LEPTUIRSRTIaI LY BILBANI I UTALAASLALATAIINAIUNIIU

4.3.3 Han1ss1assn1svneIuagasnsatadaanEnuivhnldau

iesmsesifiaauiiruauieusaduuuuawnudldiinasinisasuuvannud
dowdsuntausifudeudigs luineinusiidenldasasnsemuiisruuuuniadv
SduTiaoniiosnannsaanusaiunsyiiioulidnsdmaliasmaAndygusuniudanaias
nsesruBmehusuuInadaduaouandugUil 4.12 Tagasesusznoudaedisumu R, do
synsufuifivyszq G wardinifiudszg G, dovurufuiidaumu R, tas G, fadunm R, 9@
ymthiinwuatasnwvesguuazdufivdssg G ymthitanu sesunsziiies (Ripple)vosdoyain
wseiy iiesziilumugnsastidianauddely dleeilurmamnuupsiaiuiszy C, asiii

Heuduiulsyy G Ussung 5-10 Winf23]

,cp"—.:

= a s o w o a o o
E‘U'VI 4.12 LLE‘W}\ﬂx‘ﬁﬁﬂi@ﬁﬂ?ﬁﬂﬂﬁl’]m’]ua’]ﬂij‘ﬂﬂ@QWIJ’WZJ’]‘L’IN’]U
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91A3U7 412 annsafiuimmiAIausuniIukazdiivlsey 1l Ay
C,=6pF AIAMuY C, =60 pF kazA1AuaIunIL R, = 58 KC2 lagin1sAruinman
ausuvulasAiaiuyszakanaliluninauan v

Third order PLL open loop transfer response
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gﬂﬁ 4.13 u,ammamauaummqmmﬁqﬁﬁ}m (Open loop frequency response)

Third order PLL open loop transfer response
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gﬂﬁ 4.14 uansvouLmka(Phase margin) guLUn



Third order PLL closed loop transfer response
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TN

AT

™ \

T

Closed loop gain (dB)
&
"--‘__-__’..—-F

100 1600 10000 100000 1000000 10000060

w {rad/s)

gﬂﬁ 4.15 LLamwamauaua@mammﬁéﬂﬂm (Closed loop frequency response)

9n3UR 4.13 UAz 4.14 uansanpUAuamATLRgUile wazudRstRULUALugUIn

wuHanpvausmenudgilavsaannaui(Crossover  frequency)

dAvinnu 152

Alavdsnd wasiivouiunnuguillaminiy 59.43 831 1INFUT 4.15 LAAWARDUANDIN 1AL

gulanuimeneuausssasfigUUadiauiiiy 161 Aladsnd

4.4 wan1331aeen1TineuIesitidaanufauaniIBsIAuniEue
Nn3UTt 4.16 wannwsidiamuinueuigssiulasnisyhaulandniadiluuni 3
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= o a a Y v oo
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oanulanes gnsau(W/L)
Mp (3.5/0.18) pm
M1,M3,M5 (4/0.18) um
M2,M4,M6 (2/0.18) um

Mn (1.75/0.18) gm

Mps (0.48/0.18) um

Mns (0.24/0.18) um

A9 4.6 LARISATIEILLPEVIIUTANDTATANINATINDATUANAIBILTIAY

—Fo Post layout *

Transient Response

175

1.5

i
S
Cy

1.04

5]

Voltage swing (V)

=

8.0

; 9.835ns  852.11mV : 10.24ns  852.11mV time (ns)

SUR 4.17 wanenaiineminisiusaniinanug 245 GHz

9.0 10

b1

dx|dy 407.3ps
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0.0Vs

0.0000
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PnAseT 6.4 wanednsdIuvesean ulamashldenuuulsasindannuiinua

B IauRUNLELD

NJUT 4.17 LARINTENaeINSTINUTDIIIAdinauividnaueaniadien div

¢ =

SUDAANUT 2.45GHZ avwuussuaIzliaszna 1.7 ey FaflalnalAsaiuunasane

qun 1.8 Tha
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Periodic Steady State Response
—Vcon Post layout
3.5

3.0

2.0

Frequency (GHz)

1.5

1.0q

.500 T T T T T 1
25 5 S5, 1.0 1.25 1.5 1.75 2.0

r 1.0055 2.3981GHz - 1.0893 2.6019GHz Veon () dx|dy .083824 203.82MHzs 2.43E9

Ut 4.18 uaastaanisiinanubuesasasmiliaanadvidiaus

-Phase Noise Periodic Noise Response
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A
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&
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Phase noise (dBc/Hz)
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4
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-120
10E4 10E5 10E6 10€7
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o

Ul 4.19 uamsnsiindiyarasuniudavaresiasiudaauiiiiiawe

NNUT 4.18 wamsamsiieanufivesisiidiarudfiiiaue lnefinaudiige
Wiy 766.6mnnelded  Aiussdiunduan 0.5 Taadi wasfuinanudgedaitiy 3.39 GHz ¥
wseueuaniny 1.8 Taavi Tnefiesiudtasntsuumnuiivihiuuan 31 wWeddud wazay
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& & 1 PRpRoNY ] ' = a & a1 oW i =
71 Wosildud 919ANUATIIuRILe 2.4-2.6 Annzldsag  leeda1ensialunisiuasunlasuns

auiineussdunie K, Wiy 2.66 nnngigend

NNgUN 4.19 E.Laﬂ\‘lf‘:'litﬁﬂgmvmﬂm'ivﬂ'mL‘?iGL'NﬁﬁLﬁﬁ]ﬂ’m’lx‘lﬂiﬁ’l@ﬂﬂ’a’mﬁLLUU’NLLM’Juﬁ
Aud 2.45 Annzdsaduazdonsiduddamdnuin 1 Jaddend Ineddygimsuniudana
Wiy —21.79 dBc/Hz #imnuiieanian 10 KHz waz -80.4 dBc/Hz fiannutisaviamn Lunns-
GEL

w5 imas A
L59RAU(Vpp) 1.8V
frapmssiinand 0.7-3.3GHz
AU U TUNIUTUNE -80.4dBc/Hz@1MHz
FasnTauUdanEany ImW@2.45GHz
Huidu 11%22 pm

A13797 4.7 lansnandRvesnasindnamiinuursnuiiiaus

4.5 HANNSIIABINITINIUTeINassAIETIIInTH Y

2asse ATt aeuasTsmsauiLuu T uIuRI(nteger N) Faawnsalusunsy
am‘mmumimimmﬁlﬂmuﬂaauamaﬁﬂ‘sammam (Dual modulus prescaler:DMP ) ﬁmam
’L‘uiﬂw 120 Tpensasunsaiuaussnavuluse NIFAT3FEA(Division by four) Vi finng
mmmwmaﬁmLummmﬂmummmmﬂu"lwmadmumwameammamwmiﬁmaawaamﬂu
druvenasuisALRLaztaslin seenLuutesin et UTe U oAl 2495 3ANURUUUYS
anatans(Prescaler divide N/N+1) Tusunsusasiimas (Program counterP) uavaioalaiaim
wWas(Swallow counter:S)
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Prescaler
Divide by
N/N+1

Modulus
Control

Swallow
Counter: S

T

Digital Control

Frequency Division Ratio

Program

Counter:P

Reset

Fout

g‘dﬁ 4.20 LLampﬁ'ﬂmiﬁwﬂuﬁuamﬂaigﬁaﬂ’%amaLaai (DMP)

From VCO[D—

R

_..OSS
s,

Swallow —=15;
Counter 45,

2 a%)
—5,

I—-> CK »-1CK
Diva Diva/5
CK l—» M
M
Y
CK
Program
Counter
PSR

PS[D—Vin POR Vol

To Fdiv

Uil 4.21 uansisnnsvhnurensesgdaUlanaiaes (OMP) fithiaue
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NINFUN 4.21 Lgamqa%gé’aﬁamama% (DMP) fi1aus 1asfivannisyina1uuesasasil
aealanaieed S Feanunsalusunsulifuailfaindt 0 fs 50 Tneasdizuuuunstiuwuuiiu
F(Count up) wazlusunsuaviwes P gnesnuuulviinistiuwuuiuasCount down) 370 150

fia 0 gneenuwuuliliannsalusunsuinisduls Tuannzdudunsyiay ealanavines
S fagzutiudanndt 1 B Arflusunsuly Tnedygmeiuan M azdidndu o Feazluddlinams
WIALE N/N+1 Msaadisnedng N+1 vaigfeafulsunsuanimes P Aagviinistuaind
150 A ioanealaanitaes S Tudiilusunsulifazugatiu wagviidyyimeuau M
fandu 1 ddlvvasusnsdunisvisidumsiig N aunitlusunsuaines P aeifuiisen 0
nsnniufzsiEEn mnnstulmivasiauludnvasin Teesnsdnlunmsmsanuiivuy
pSauspdauiainamesinaldinaunisi 4.1
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M=(sx(N+1))+(P—S)XN=SXPN (a.1)

1vIdalainaiaas (DMP) Feuaue senuuuliiitianamIruisEning 2.4 81 2.6 An
nudsad lngldauisnadariniud 1 wnnudsad Tnsasiniswsauide 4 neulield
m‘mammmuﬁ]umawﬂ‘wm'iaammma%mSm’mmmuau5] fianududoutosas Ssasvinle
mmmanmiumsvmw 600 &4 650 wnnzdsed uaglnefivasnnudevan 50 doanudly
ANSPBNLUVIADNSASIEIUNISALE N/N+T Fe 4/5 anaalanavines S auifudaud 0 9udes0

ANUNSOANNUMNATUSLASULANLADS P Igadl

Nnaums F, =MXFE, 9l M PruDmaatargeganail

600MHz
M O ==ENiZ 600
1MHz
650MHz
MHJGH SN & 650
1MHz

naunsi 4.1 g8 S =0
600=(0x5)+(P—0)x4
P =150
JneuMsi 4.1 e S=50
650=1(50%5)+ (P —50)x4
P.=150

Dual modulus prescaler : DMP N/N+1 = 4/5

Swallow counter : S 0 14 50

Program counter : P 150 f4 0

A157199 4.8 LARIANNNTUU9TT DMP
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Decimal swallow counter > Frequency (GHz)
S5 54 53 52 51 50
0] 0 0 0 0 0 0 2.400
2 0O 0 0 O 0 2.408
a4 O 0 0 0 1 1 2.416
6 O 0 0 0 0 1 2.424
8 0O 0 0 0 0 1 2.032
10 O 0 0 0 01 2.440
12 QO mnll) sl | 2.448
14 O 0_0O\wWwo/0,1 2.456
16 A BN\ /0 % 2.464
18 0 - @=0- 0=p 2.472
20 0 A 8-AY 70 | QA 2.480
22 O (O 6 Oy OCH 2.488
24 OMOCT/ N0\ LT 2.496
26 d@ NOp QL vaRed U 2.504
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Translent Response
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(33] [34] aufithiaue
Supply voltage(V) 1.8 33 1.8
Process({41M) 0.18 0.13 0.18
Frequency referency(MHz) - - 1
Loop bandwidth(KHz) 50 - 200
VCO type LC Ring Ring
Frequency range(GHz) 2:.124 2.24-4.48 2.4-2.6
Divider type Integer N Integer N Integer N
Phase noise(dBc/Hz) -76@100KHz -100@1MHz -80.4@1MHz(VCO)

= NA -110@10MHz(VCO)
Setting time(IS) 50 NA 36
Power(mw) 8 122 1
FOM(dBc/Hz) = -146 -148.18
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PHASE NOISE REDUCTION OF CMOS RING OSCILLATOR USING RAIL—TO-_RAIL
CURRENT-STARVED DELAY CELL
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ABSTRACT

In this paper, a new current-starved delay cell with enhanced
rail-to-rail voltage swing is proposed to improve phase noise
performance of a CMOS ring oscillator. A 3-stage ring
oscillator was designed as a test vehicle of the proposed
delay cell. Simulation results with process parameters from a
0.18 um CMOS technology showed that the ring oscillator
realized with the proposed delay cell exhibited 2-3 dB phase
noise improvement with no extra power dissipation.

Index Terms—voltage controlled oscillator (VCO),
starved inverter

1. INTRODUCTION

Voltage-controlled oscillater (VCO) is a critical building
block in high-speed phase-locked loops used for many
communication systems. VCO can be implemented by using
LC resonant circuit, ring structures or relaxation circuit. LC
VCO inherently has the best phase noise performance due to
high quality factor of the LC resonant circuit. However,
fully-integrated LC VCO is costly and difficult to implement
due to the complexity of on-chip inductor realization and its
frequency tuning range is relatively narrow. In contrast, ring
oscillator can have wider frequency tuning range and smaller
die area, at the expense of higher phase noise. Thus ring
oscillator is often used in applications where phase noise
requirement is less stringent.

It has been demonstrated that phase noise of a ring
oscillator can be reduced by either ensuring rising and
falling edges symmetry or increasing signal swing [1]. A
practical approach to achieve the waveform symmetry is to
employ linear loads such as passive resistors or linearized
MOS active resistors [2]. It has also been analyzed that
differential ring oscillator will have higher phase noise than
its singled-end counterpart [3] under identical number of
stages, power dissipation and oscillator frequency. Single-
ended ring oscillator is not necessarily worse than its fully-

differential counterpart in terms of substrate and supply
rejection [3]. Thus single-ended ring oscillator is preferred
in our work.

This paper proposes a new current-starved delay inverter
with enhanced rail-to-rail voltage swing to reduce phase
noise of a ring oscillator. Section 2 describes the circuit of
proposed delay cell and section 3 reports the simulated
results of a 3-stage CMOS ring oscillator realized with the
proposed delay cell. Conclusion is given in section 4.

2. PROPOSED CURRENT-STARVED DELAY CELL

The basic current-starved delay cell is shown in Fig. 1(a),
where transistors M1 and M2 form a CMOS inverter and
transistors Mn and Mp realize the current-limiting devices.
Both Mn and Mp can be designed to operate in either the
saturation or the triode region. If Mn and Mp are biased to
operate in the saturation region, they act as current sources
to limit the current available to charge of discharge the
output capacitor, If Mn and Mp are biased in the triode
region, they act as voltage-controlled resistor and the
available charging and discharging currents are decided by
their gate overdrive voltages and aspect ratios. In this case,
signal swing is limited by their gate averdrive voltage and it
can be quite small at high frequencies. Biasing Mn and Mp
in the saturation region, rather than in the triode region, can
achieve larger signal swing and better phase noise. In both
biasing conditions, signal swing of the basic current-starved
delay is limited by the gate overdrive voltage of the current-
limiting transistors. It has been pointed out in [3] that, fora
given bias current and oscillation frequency, the phase noise
can only be reduced by improving the current switching
efficiency, which can only be achieved by increasing the
signal swing.

This paper proposcs a new current-starved delay cell as
shown in Fig. 1(¢) with enhanced signal swing to improve
phase noise performance of ring oscillator. The proposed
circuit is simply the basic current-starved delay cell with two
additional pull-up and pull-down transistors, Mps and Mns.
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The gates of Mps and Mns are connected to the input of the
inverter. When Vin is high and the output voltage is being
pulled down by M1, Mns is turned on to short the source of
Ml to ground. This eliminates the headroom voltage
required by Mn, The same explanation can be offered when
Vin is low and the output voltage is pulled up. Therefore the
signal swing is enhanced and exhibits a rail-to-rail
characteristic, similar to a simple CMOS inverter delay cell.

Fig. 1(b) shows a current-starved delay cell with
symmetric load transistors, M3 and M4, to provide a more
linear load and achieve better waveform symmetry. Signal
swing of the circuit in Fig. 1(b) is also somewhat limited by
the headroom voltages required by M3 and M4,

Fig. 2 shows the simulated time delay of the circuits in
Fig. 1. It can be seen that the time delay tuning characteristic
of the proposed delay cell in Fig. 1(c) is relatively more
linear than those of the circuits in Fig. 1(a) and Fig. 1(b).
However, the circuit in Fig. 1(a) exhibited the widest time
delay tuning range.

e ek

M2 M2 M2
Vin Vo vin s Vin Vo

M1 M1 M1
Vgn Vagn Vgn in
Tl L s H

@ (b} ©
Fig. 1 (a) Basic current-starved delay cell (b) Current-

starved delay cell with symmetric load and (c) Proposed
current-starved delay cell with enhanced signal swing.

Cuingars deley tine

P = Bk MDY i
: — Currant ctarvad with symimail: load
8- Curant starvied with MOS Fwitch

] 5.4 4 ] s W
Valtage canrei(v]

Fig. 2 Simulated time delay tuning characteristic of the delay
cells in Fig. 1.(a) ,Fig(b) and Fig(c).
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Fig. 3 Three-stage voltage-controlled ring oscillator
3. SIMULATION RESULTS

A 3-stage ring oscillator, shown in Fig. 3, was used as a test
vehicle to demonstrate the performance of the delay cells in
Fig. 1. The oscillator circuits were designed to oscillate at a
nominal center frequency of 2.5 GHz and identical power
dissipation. All circuits were designed to operate with a
single 1.8-V power supply voltage and all simulation results
were obtained by using Cadence Spectre with process
parameters from a standard 0.18-um CMOS technology.

Fig. 4 shows the simulated frequency tuning
characteristics of the oscillators, under the same power
dissipation. The oscillator with the basic current-starved
delay cell (Fig. 1(a)) exhibited a frequency tuning range
from 391 MHz to 3.29 GHz when the control voltage was
varied from 0.6 V to 1.8 V. The oscillator with the delay cell
in Fig. 1(b) showed a tuning range from 1.72 GHz to 3.85
GHz when the control voltage was varied from 0.7 V to 1.8
V. Using the delay cell in Fig. 1(c), the oscillator showed a
tuning range from | GHz to 3.6 GHz when the control
voltage was varied from 0.6 V 10 1.8 V. It could be seen that
the oscillator with the basic current-starved delay cell
exhibited the widest frequency tuning range.

Fig. 5 shows the signal swing of the oscillators when the
control voltage is varied from 0.7 V to 1.8V (i.e. tuning the
oscillation frequencies). It can be seen that the signal swing
of the oscillator using the proposed delay cell in Fig. 1(c)
was virtually constant at 1.7 V while the other oscillators
showed variable signal swings,

Fig. 6 showed the simulated phase noise of the oscillators
at 1-MHz offset from 2,5-GHz carrier frequency. The phase
noise of the oscillator using the proposed delay cell showed
2-3 dB improvement over the other oscillators, under the
same power dissipation. Table 1 summarizes and compares
the simulated performance of the 3-stage oscillator realized
with different delay cells.
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Fig. 7 compares the phase noise of the three oscillator at
1-MHz offset from the carrier frequency. It can be seen that
the oscillator with the proposed delay cell can achieve better
phase noise over a wide range of carrier frequencies. Table 1
summarizes and compares the simulated performance of the
3-stage oscillator realized with different delay cells.

Table 1: Simulated performance of the 3-stage ring
oscillator realized with the delay cells in Fig. 1.

Performance VCO with | VCO with | VCO with
Fig. 1(a) Fig. 1(b) Fig. 1(c)

Pdiss (mW) 0.2-2 0.4-2 0.2-2

Frequency tuning | 0.39-3.68 1.7-3.85 0.7-3.57

range (GHz)

KVCO (GHz/V) 3:1 Py 2.5

Phase noise -76.5 -16.7 -78.8

(dBc/Hz @ 1MHz

offset from 2.5

GHz carrier)
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4. CONCLUSION

A new current-starved delay cell is proposed to enhance
signal swing and phase noise performance of a ring
oscillator. A 3-stage ring oscillator was designed to test the
performance of the proposed delay cell, compared with two
existing delay cells. Simulation rtesults of a 2.5-GHz
oscillator showed that the proposed delay cell was able to
provide a larger and more constant signal swing over the
frequency tuning range. A 2-3 dB phase noise improvement
was achieved with the oscillator using the proposed delay
cell, under the same power dissipation and oscillation
frequency. Therefore the proposed delay cell can be used to
improve phase noise performance with no extra cost.
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Abstract—This paper describes the design and realization of a
low-power CMOS fully-integrated integer-N phase-locked loop
(PLL} frequency synthesizer for wireless hio-telemetry systems.
The PLL employs a ring voltage-controlled oscillator using
current-starved delay inverters with rail-to-rail voltage swing.
The frequency synthesizer was designed to operate with 2.4-2,6
GHz frequency tuning range. Simulation results, with process
parameters from a 0.18-pm CMOS technology, showed that the
PLL dissipated 2-mW under a single 1.8-V power supply voltage.

Keywords—phase-locked loop, frequency synthesizer, voltage-
controlled oscillator

I. " INTRODUCTION

The emerging of wireless sensor and telemetry network
systems, such as ZigBee, demands for low-power low-cost
wireless radio-frequency fransceivers, in order to achieve long
operation time. Technical requirements, e.g. phase noise and
channel spacing, for short-range, low data rate wireless
communication systems are much relaxed. Therefore power
dissipation is the most important requirement. Frequency
synthesizer is one of the most critical and power-hungry
components in wireless transceiver, therefore there has been a
vast effort in designing low-power fully-integrated frequency
synthesizers. Recently, low-power frequency synthesizers for
wireless sensor network have been reported [1]-[4]. Wide
channel spacing and relaxed phase noise requirements of
wireless sensor network system enable the use of the simple
integer-N PLL architecture for implementation of low-cost
low-power frequency synthesizers.

This paper describes the design and realization of a 2-mW
fully-integrated PLL frequency synthesizer for low data rate
and short-range wireless communication systems. A ring
voltage-controlled oscillator using enhanced current-starved
inverters is used to improve phase noise without increased
power dissipation. The paper is organized as follows. Section
IT describes the design and implementation of all building
block circuits. Simulation results and conclusion are given in
sections Il and IV, respectively.

L. CIRCUIT DESCRIPTION
The integer-N PLL frequency synthesizer, shown in Fig. 1,
is suitable for wireless sensor and telemetry applications, such
as Zigbee, due to much less stringent requirements such as
wide channel spacing and relaxed phase noise. The PLL
consists of a phase-frequency detector (PFD), a charge pump

(CP) circuit, a loop filter (LF), a voltage-controlled oscillator
(VCO), and fixed (divide-by-4) and programmable frequency
dividers. The fixed divide-by-4 divider, realized by a cascade
of two divide-by-2 circuit, is used to reduce the operating
frequency of the programmable divider. Under the locked
condition, the output frequency (four) is a multiple of 4N
times the reference frequency (fage) or the output frequency
resolution is 4N*fyer. For example, the channel spacing for
ZigBee standard is 5 MHz therefore the required fagr is equal
to 1.25 MHz.

Fraf
—== Fout
PFD CcP LF @

Programmabla Fr
Divider{ =N )

Digltal Contrel Word

Fig. 1. Integer-N Phase Locked Loop Frequency Synthesizer

A. Phase-Frequency Detecior

The dynamic logic phase-frequency detector [5], shown in
Fig. 2(a), is used to eliminate the dead zone. The PFD output
signals are used to reset the PED without any intermediate
logic. True single phase logic (TSPC) flip-flops are used to
achieve high speed operation. Fig. 2(b) shows the circuit
diagram of the PFD.

Fref —j_o
O ClK up
TSPC
up
™ ——O UP_bar
Fdiv 'ﬁﬂ
Cr CLK Dn
TSPC
&—-~Dn
up —— on_bar

(a) Block diagram
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(b) Circuit implementation

Fig. 2. Dynamic logic PFD.

B. Charge pump

Fig. 3 shows the current-steering charge pump. The outputs
of the PFD control the differential switches (Mg-M,) to pass
the charge pump current {Icp) to the output node, which is
connected to the subsequent loop filter. The differential circuit
topology reduces the current mismatches. The charge pump
current (Tcp) is 10 pA.

Dn
M7~ o

Vout
L Up_bar

Fig. 3. Current-steering charge pump circuit.

C. Loop filter

The conventional 2"-order passive lead-lag filter, shown in
Fig. 4, is used as the loop filter. The bandwidth of the loop
filter is 200 kHz. The resistor and capacitor values are as
follows: C; = 5.78 pF, C, = 57.8 pF, R, =57.8 kQ.

21

Fig. 4. Loop filter

D. Voltage-controlled oscillator

The VCO is realized by using a 3-stage ring oscillator as
shown in Fig. 5. Each delay stage is realized with the recently
proposed current-starved inverter [6]. The inverter is simply
the basic current-starved delay cell with two additional pull-up
and pull-down transistors, My, and M,,. The gates of M, and
M, are connected to the input of the inverter. When the input
valtage of the inverter is high and the output voltage is pulled
down by My, the transistor M, is tumed on to short the source
of M, to ground, This eliminates the headroom voltage
required by M,. The same explanation can be offered when
the inverter’s input voltage is low and the output voltage is
pulled up. Therefore the inverter's signal swing is enhanced
and exhibits a rail-te-rail characteristic, similar to a simple
CMOS inverter delay cell. The oscillation frequency can be
tuned by adjusting the time delay of the inverters. This is
obtained by varying the bias currents of the inverters, which is
done by tuning the control voltage V.

Fig. 5 Three-stage voltage-controlled ring oscillator

E. Programmable frequency divider

The programmable frequency divider is realized by using
the dual modulus prescaler, shown in Fig. 6. The circuit
consists of a program counter (P), a dual-modulus prescaler
(divide-by-N/N+1) and a swallow counter (S). A dual-
modulus prescaler is a counter whose division ratio can be
switched from one value to another by an external control
signal. The dual modulus prescaler divides the input
frequency by N or N+1 depending on the modulus control.
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The program counter and the swallow couriter divide the input
frequency of the prescaler by P and 8, respectively. The
digital control word of the swallow counter (8) selects the
desired output frequency channel and it should be set such that
S < P. In this work, the swallow counter was designed to
count up with from 0 to 50 and the program counter was
designed to count down from 150 to 0. The prescaler divides
the input frequency by N+1 until the swallow counter
overflows after which the overflow bit sets the prescaler to
divide-by-N mode until the program counter overflows. The
effective frequency division ratio is equal to NP+S.

FdV | program counter| . Clk | Dual prescaler | _FOUt
< N/N+1
Reset Y _TModqus
counter control
Swallows counter
fChannei
select

Fig. 6. The dual modulus prescaler.

The dual-medulus prescaler is realized by a divide-by-4/5
circuit as shown in Fig. 7 [7]. It consists of three true single
phase clock (ISPC) D flip-flops and two OR gates. The
frequency division ratio is set to 4 and 5 when the modulus
control (MC) is “HIGH" and “LOW?, respectively, The TSPC
D flip-flop circuit, shown in Fig. 8 8], is used for high speed
operation.

Q D

o

445
b

Tske
rcm g l—cu(

y $MC

Fig. 7 Synchronous counter divide-by-4/5.

CLK

of
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o8
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Fig. 8 TSPC D flip-flop circuit.
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1L SIMULATION RESULTS

The PLL frequency synthesizer was designed and simulated
with process parameters from a 0.18-pm CMOS technology.
The circuit dissipates 2 mW from a single 1.8-V power supply
voltage. Fig. 9 shows the simulated frequency tuning
characteristic of the VCO. The oscillation frequency could be
tuned from 744 MHz to 3.1 GHz as the control voltage was
varied from 0.5 V to 1.8 V, respectively. The VCO gain is
about 1.8% GHz/V. Fig. 10 shows the simulated VCO’s phase
noise at 2.45-GHz carrier frequency. The phase noise values
are -21.7 dBc/Hz and -80.4 dBc/Hz at 10-kHz and 1-MHz
offset frequencies, respectively.

Fig.11 shows the transient waveforms of the synchronous
counter divide-by-4/5 with the input frequency of 625 MHz
(i-e. fow/4). Fig. 12 shows the lock-in transient waveforms of
the PLL, including the frer, fory, UP, DN, and Vegy. The
setting time of PLL is less than 45 ps. Fig. 13 shows the
discrete Fourier transform of the steady-state PLL output
voltage at 2.45 GHz.

Frequency when vary valtige Periodic Steady State Respanse
35 — ;

025 05 075 10 125 15 175 0
05 M405HHz 18 1316Hz Voltage control frequency (V)

Fig. 9 Tuning characteristic of the ring VCO.
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Table I: Performance Summary

Parameters This [21 [3]
work
Technology (pm) 0.18 0.18 Q.18
Supply voltage (V) 18 1.8 1.8
Power dissipation (mW) 2 4.86 3.2
foy range (GHz) 24-26 | 24248 | 2.4-248
Freq. resolution (MHz) 5 1 5
VCO Phase noise -80.4 -119 -113
@IMH?z offset (dBc/Hz)
Lock-in time (j1s) 45 35 27
o R e IV. CONCLUSIONS
BE M g “"'u'u‘ A low-powerl?LL frequency' sypthesi'z.er fcr'shon-ra:nge,
low data rate wireless communication systems is described.
Fig. 11 Transient waveforms of the divide-by-4/5 circuit. The PLL employs a 3-stage voltage-controlled ring oscillator,

which is realized by enhanced current-starved delay inverters
with rail-to-rail voltage swing. Dynamic logic PFD and TSPC
flip-flops are used to achieve high speed operation with low
power dissipation. Simulation results suggested that the PLL
could be used for wireless sensor systems like ZigBee.
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