hE

wm E

ELBREREMEDRE. PAREEG QR KRS TIRAEA, KITFELLIK
REGHHREF K. ANERER TENANEEDS, [SAEFTRENFEREG, BFE
BEEBRERE P KB EBRM B ERR AT, EXEERAMN LC ERREGRR
SHEWRPLRTR O BB, HAERRERTREDSIAMALEES 4T ARMEFS
MR EIRES, HMEBRENRRIARLETRAEW. EERGFET EAHHHE
FERELTHM T RAN AR TAGERE RGP AW 0 H 5 TR A %5
BHRGESHIEAERE T ENTERMER. AT R/ADAESEARESZRNRR
FEAREW, ERFBRGBEFREOMULES. H—HEH, ATRGBE—E
KUENERSE, EWXSHLFEITHNRESTE—ARE. ERFRRVPEEEDHETR
HATSHAE, REZFNOOAENBRAS. EXFEASERT BRKENIRF.

F3RA CMOS TEM SiGe BiCMOS TZ R NA T LB R RLM LC Kk
G, FENRG RO EMT LERRGHT, BEHT —MERTIEERN
WAL % BEEERMTHEM ERTTHATFARERERREN=R VCO LA .
AR A AT 7 i R T Hajimiri REFIERMEN AR (linear time variant, LTV) 5!
BATH). LTV AR M T — MR M S ARG R 7, BF RN SURE R
(impulse sensitive function, ISF) AZRBIAIHE, W T EH ZNA. AXEEH
fE5 Sk AR ISF BRBAY i S8 X 4 o 28 B B ) — IR RS (7 L BI WT /8.3 ISF & S A
2, BEFEE S, HURGEEABEIEZE, BT EZXRREE ISF BB,
B BTS2 s B ARG R S . BETORM LTV BENA T AR LS MMM
R FASHBE, I CMOS R %. XURMERYE . LC E5 fBlRH M Colpitts 7% 2%,
EAMEAERIMTE T ERKE. EAMREMMTERES, AZERRTENLASE
BEH. wEIRPER ISF REM@EIR, ERALRERTATHSEORE, TR
TR ERRAERE. B FEMLRAENRUOIETEERATERIIB/DAHELSRAE
B, MESEHIUBRRKSHERROBOESRRPBIrRehg, AXE—SRNT
SMHENBERM T, EHARENTEIRFURSREERAZHR, A%
BoHEZR, W TiHEER, 8RR SRBMBT M R, KIERK
BHARBRKIERESHEER FHBINE ATERNALIE. ZHESTHITE
BT LA B H R EAME. XFPEAKLEHT CMOS LC E4 % #+ MOS
R AR R i A H AL TR LU R AR Colpitts 3% 38 A 4 e iR
.

BXE—ENATREEENERERESBOAIR. BT LEEMEMNBFRE
PR B BB IR T BB RY, AR SO R R % 88K A CMOS M SiGe BiCMOS T2,
B, EBE_EFANERXRHIE, 58 TR I ANEERFHSEER,
#5347 MOS @ FE 1 SiGe HBT S E MR EHRE, F=EnH T REGBMOLIERE,
RHENEERER LC Z4 fMHIRY 2B Colpitts RF2BE T AN, BRETXH
RRG BRI HE. BTHUGERFESR—NEEM g, SNEEN
R T AR BESN THMRENEENE, #5H RS S5 ARARAEE5R
KR BERRTHEEREPHANRESERLMARURBAEF RS, B
NBTHCEE TR E AR ENRRSHIT THE. FEESMMTT Leeson 1
RUF) Hajimiri 381 A28 AR, 3 F 21 A AR o U B R 5 3R 1B 1 )
B, BENTRETRIKENE. B RGSEBM— KBRS LB 2 ISF REH
BUEMR, REFHAKELIRSEE HEBEZS, BidiE5%E B3 ISF &R AT
f#. BREMBEANZRAMRESTAENATAEK@EERT, S TSRS

I




&%, HERBLERPEIRIE. FAEXMAO0.18-um CMOS TERH TR MR ERER
LC E4 %28, MAF DVB-T #ilHl. RitidBhxtfa g sEm#iT TMma. &E
# MOS &3 ER KWL RE RBEEIRHEE, NESENZHEYNES B
BERUIZFEZRAMNREXE, NE FARHELREEEBEMTHESEEERE.
ETFRMSEPEELITERIBDEHE, MEAEBIUSTRRRHETRE M
&, HPUBPUREREIRERBTHMRS, A —SHLESTRE, 4xak
FRERBETERSHE B TERE, XE#eT KERSZE, RURLLUKAN
AR IR E SR EERANRERER. SHRTERLOITHIES F#T.
BRGIRSE R, BHH VCO KIIRFHMETEE R 1150~1210 MHz, HALBEE K 10kHz
FmAL-89 dBc/Hz, #OrEBBETNFE 7.7 mW, 50-Qf 3 BEHL_L ) S & i Th#~3 dBm,
FA—RENHE VCO HIRHHEBIEE 1173~1900 MHz, HAIBERE N 10kHz FilRib-83
dBc/Hz, B HEBINEE 15.8 mW, 50Q5E M ER SR HTIE -8 dBm. EAEFRH
0.35um SiGe TZ &t Colpitts #&% %%, M AF ISM (Industrial Scientific and Medical)
KEBHEBRERE RS Rt LA E AL B4R, Colpitts 375 3889 ASE
HAEHRTER. SRS SEETFRERSEFTESERNERN, XF KA Bessel
BB TR, SRR ARRAMRER, BAYERMZREFAER, Xh45
ETHE. SRR RBERAERNEZEWANMEESENBAESEL, FRMMRS
BN, BEEBLMHHIES THT VCO BH &I, WRERERH, VCO WFHE
340~400 MHz, 10kHz ${mALARLIME5-91 dBc/Hz. HLEERIHEE 33 mW, 50-Qf
FE4T b A 8 0 ) Th % —-2.5 dBm.

KEH: LC KRGS MO, KENTHA, LC AXNBSRS R, Colpitts &
Gk MEEEH



Abstract

Abstract

The quick development in wireless communications and the explosive growth of
personal data communications have driven the research and development of wireless
transceivers. Meanwhile, the progress in technologies and the increase of transition frequency
of active devices make the monolithic realization of most circuit block in wireless
communication system become possible. The object studied in this thesis is the LC-tuned
voltage controlled oscillators (VCOs). As main blocks of RF transceivers, their function is to
produce stable local oscillator signals for mixers and frequency dividers while introducing as
less phase noise as possible. VCOs are common functional blocks in modern RF
communication systems and generally used as local oscillators for up- and down-converting
of the signal frequency. Due to the ever-increasing demand for bandwidth, very stringent
requirements are placed on the spectral purity of VCOs. A low phase noise is always required
to avoid degeneration the mixer converted signal by close interfering tones. On the other hand,
an oscillator is a non-linear time-variant system. It is difficult to analyze the phase noise. In
practice, optimized parameters are found by simulation tools through parameter sweeping.
But the optimization progress is lack of theory support.

In this thesis, an RF CMOS and a SiGe BiCMOS technology are used to design the LC
VCOs. The phase noise is analyzed systematically, and a set of optimization method fit for
engineering is given. At last, based on the theoretical analysis, three VCO chips for different
wireless systems are designed. The phase noise analysis method in this thesis is based on the
linear time variant (LTV) model proposed by Hajimiri. The LTV model is a quite accurate
method for analyzing phase noise. But the impulse sensitive function (ISF) is difficult to
calculate, what suppresses the application of LTV models. Simple methods are summed up for
ISF calculation. ISF numerical results can be got by circuit transient simulation once, or its
formula results can be got with sine function if the oscillating waveform is considered as an
ideal sine wave. Then, the circuit phase noise can be calculated easily. Next, the LTV model is
applied to the VCO circuits with various technologies and various structures, such as CMOS
oscillators, bipolar oscillators, LC cross-coupled oscillators and Colpitts oscillators. The phase
noise analysis is then carried out based on the theories. In the phase noise analyzing, variables
will be used to substitute for the optimized circuits’ parameters, and the results obtained from
the ISF formula will be used in calculation. Thus, the phase noise can be expressed as a
function of circuits’ parameters. This is the phase noise optimization. In the optimization, the
minimum phase noise is not always needed, but the phase noise analytical formula or plotting
curves depend on circuits parameters are desired. In this paper, the analysis method of LTV
model was simplified. Taking noise power carrier ratio as function and circuits’ parameters as
self variable, the calculation was simplified. The phase noise analytical formulas were got and
their curves were plotted. The theoretical optimized results of circuits’ parameters were found
from the functions and curves. These complete the optimization progress. Circuits’ designs
become more efficient under the instruction of the optimization. In this paper, concrete
optimizing progress were given, including the optimization of the MOSFETSs’ width-length
ratio and the tank inductors’ value in CMOS LC cross-coupled oscillators and the
optimization of capacitors ration is bipolar Colpitts oscillators.

In Chapter 1 the background and the current situation of oscillators’ researching will be
introduced. The materials and devices of semiconductors are the base of integrated circuit
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design. The oscillators in the thesis are designed in different CMOS and SiGe BiCMOS
technologies which will be presented in Chapter 2. The characteristics of the technologies and
main devices are listed, and noise models of the MOSFETs and SiGe HBT transistors are
analyzed. The oscillation theories are studied in Chapter3, especially for voltage-biased LC
cross-coupled VCOs and Colpitts VCOs. General analytical methods of two kinds of VCOs
are summarized. As the most important parameter of a VCO, the phase noise will be analyzed
in detail in Chapter 4. At first, the phase noise mechanism is studied. The relationship
between the phase noise and the frequency-voltage gain is deduced. Next, the relationship
between the phase noise and the signal noise ratio in communication systems and phase noise
in phase locked loops (PLLs) are studied. At last, the commonly used phase noise models are
introduced and compared. The Leeson model and the LTV model proposed by Hajimiri are
emphasized. To solve the problems of the difficulty in calculating ISF in LTV model, simple
methods are summed up. ISF numerical results can be got by applying transient simulation
once to oscillator circuits. And ISF formula results can be got from sine functions if the
oscillating waveform is considered as an ideal sine wave. In Chapter 5 and 6 the phase noise
analysis methods will be utilized in the circuits design. The device parameters will be
optimized, and the method will be validated through circuits’ realization. In Chapter 5, two
voltage-biased LC cross-coupled VCOs for DVB-T transceivers are designed in a 0.18-um
CMOS technology. The phase noise is optimized in design procedure. Regard MOSFETs
width-to-length ratio and the tank inductor value as variables, respectively, the functional
relationships between the phase noise and the design variables are deduced. The theoretical
optimized parameter value rang are found out. Because the minimum phase noise is not
always needed in optimization, and the phase noise analytical formula or plotting curves
depend on circuits parameters are desired, the phase noise is substituted by noise~to-carrier
ratio. To simplify the calculation, the working region will be splitted into several sub-ranges
according to transistor working condition. Thus, a lot of integrations are avoided, and the
phase noise function upon design variables can be expressed as simple proportion format. The
circuits design will be made according to the instruction of theoretical analysis. The
measureed results show that the narrow band VCO, with a frequency range of 1150~1210
MHz, a phase noise of -89 dBc/Hz at 10kHz offset, a 7.7-mW power dissipation and a -3 dBm
single-port output power at 50-Q load. The other VCO is of wide band, with a frequency
range of 1173~1900 MHz, a phase noise of -83 dBc/Hz at 10kHz offset, a 15.8 mW power
dissipation, and -8 dBm single-port output power at 50-Q load. In Chapter 6, a Colpitts VCO
designed in a 0.35-pm SiGe BiCMOS technology and for ISM (Industrial Scientific and
Medical) system will be described. Regarded the phase noise as optimization object, the
capacitance ratio of the Colpitts oscillator will be defined as variable. The exponential
characteristic of bipolar transistors make calculation complex. Thus, the Bessel function will
be used to simplify the calculation. For different noise sources in the circuit, the optimized
capacitance ratio varies. This thesis calculates them one by one, selects an appropriate value
according to the contribution of each noise source, and makes the overall phase noise
minimum. The VCO design is according to the instruction of theoretical analysis. The
measured results show that the frequency range is 340~400 MHz, the phase noise is -91
dBc/Hz at 10kHz offset, the power dissipation is 33 mW, and the output power on 50-Q load
is—2.5 dBm.

Key words: LC VCO; phase ﬁoise; LTV model; LC cross-coupled VCO; Colpitts VCO;
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FEA¥SZFLRIHBEEHN

EABEHREXHFMRIRRMAE T F THETHHRALERRENTR
R REFA, BT IPFHNMUMFENR ST RXFAEERMBAEER
REEGSIHARRR, BAREHREBRAFAESHEEFVHZABRERT#EA
HEHR. 5R—R MRS AT RN TR SERITET Bea ks
FHRFTHE.

TS L/ﬁé__ﬂ e wad. 3,26

AHAZFZEALRXMEAENEHN

KEA¥E. PEREHEARRHAN. BEREBEFTRRERAFTEFMLRIHN
R TIor, TUCRARH. HEREEEHFRIFEFRIL. ZANBTFXRNA
EMERRILAAATH B RERTHNPRERI AFCIHEFRAER, T
DA (BETE) RXPLEXBINE. BXMLHE (BFETB) BEREREN
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F1ESE

F1E 5l

il

E#E#RT 2 (Voltage Controlled Oscillator, VCO) 1EA#HiZE, BAZHEBFESL
DA DHIARRES, ERELXEERENGLEEZ — CBENATHHARES,
LURRHNBRERENAHBREES. FEYARBBETYR, ETRNE LC EHEY
HHMARR, BERHRXNEENENALRALEY.

1.1 RFEYR

EHEUER, FEREGFNEYRERR. NAR NRMELLZEBEREHAR., Bz
EHMELBE BRAGIERE, MUEZEARITLEHBRE. —NAHTEA
BAMEBENTENEANTE. HPE=AB3ERE (3G). ELREM (WLAN). 8
#EH (UWB), BF. BHTEERSG. HFBW % (DVB) S#2 21 L BH/IH
ELRERFHANNA. B, #ittEams, RARENSBESHRFEIEET RN
THHR. EEEXRBE TERRUAEES, BREEHH TR THEE, WERAER
K25 IBIER. ERRG 2. WBRARESE, SRERBEFRENSH L, mEX
WESLELAROCRBEREDH LLH, B MEKREN R ERRATE.

HRIHHHR (Radio Frequency, RF) BUImURHIERE R FE 1-1. B8 (Mixer)
Ak (Local Oscillator, LO) BEEK S HUE S TR A PHE T HERPHES LT
ASBES . ATPHFRREEEE, FEEFETSELRRMELH.

Antenna Mixer
Band-pass
Filter
LNA
Duplexer
or LO
Switch
A PA

‘ Band-pass
Filter

B 1-1 SRS R LR S B

4 e B 38 % Rl 9U4H3F (Phase Locked Loop, PLL) 8. SiAHIFII1ER BR&E ER R
GRTEENRRESS - M RBENRRESRL, —RiB VCO. KB K 2§ (Low Pass
Filter, LPF). %4514 1H2% (Phase Frequency Detector, PFD) f14)}4ii2§ (Frequency Divider,
FD) Ak, R 1-2. EABAENRLHARAHNEELE, SOIELEEERENE
LM AR, BUERRIHA (FBEREZA) MAREREHXARBMEIMER,
Woh (AR EZAN) AHAEAEEERE VCO. FLBUAHER It SUE A R KR
LB TF VCO.

Mixer



RRRHRLEMRI

VCO
Reference

Vout
. — LPF —>@————>
mput

PFD

Y

N ol

B 12 RUBHEAFEUHERE

FTLBEAFHBHEKEEENE A A ROFLRR. ALK R E
WRAERASTE AR E T RESH P HEN L. Bl A iRER AR R T
PEFEEFERTRER THHBESRNES, k2R AERE, REEND)
HWE. KEHARERPBLRE BT EAEEIMIGEEME. REARTLER
RATERMLRNARER, TEREMEEHW veol,

1.2 LC IR HBHARIR

RGHRBBEOLR A REEET RS BA LC R % HERGRHERNE
BE—REK, HhFHMMRAEEGEE LCRGEERE, HMENSELEERRH
RIELR B (S FURIRDKA

4 VCO —MSTAEIR, 7E PCB (Printed Circuit Board) L S58IAHH HIRERR
ko XM VCO BEHAEEEFAY, URESNIFGESENHLEN. H#ETEE
EHAPERBORA A ELBRERDELNENRPFTFRK. EE CMOS TE&EN
FERST IR E B R UREE ERHIREES SiGe MHM, FESRGMHEREED
ZAFERE, EHEELFRRIBRARIUE—F RN RITFRRER,

12.1 K EEXEETH

LC VCO EAMMNMEELE LA R BRI ZRE,

R LR BB ER M EETZEMFERNOZH, MREEIR. XEFE
MM EBR: B, SR 5B U R SR A SR AR A AR IR e FEL O R s 2R,
SRXERENFERREET DBKN BERAR: B=, BHERNRTERIORIA
REALT RRVERE, B8T BB, 0 TREEMR LARE 0 E, EFRH
RERY TREQBRINE, 60, RASZEERHKBCRKAH: BFREERDE
HERAR LRSI E0aBeE.

I AR SRR T RSTAE I R T AT AR SR R % 2% AU ISR B R . CMOS T2
RARRAEBHFIIMLEHM: PN EHA. HE MOS BHRA. RE MOS BERAMEM
A MOS BHIF. PN SHIAN 0 EBH, FE0HEES, HRBENEAGLEH
X%, FARAFZMBERD, WERREERD. ZREHR (S, B/ (D) UR
HIK (B) MARZERT %, MOS ERARAM LMK, HirkEEMANRRRE MOS
& (A-MOS), WTUFAHMRAH O HRELEE.

1.22 A

MRS R VCO F— P EESH. X LC VCO ARFAMIRTREP, RER
AR EREANSIAGEER AR R BTE, AR THRAAM R AN ERRG SRS TR
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WS B—RE LR EERE Leeson AE, SR—ANEZRER, REFT
TR RS RBEMMN A (Liner Time Invariant, LTI) % #J. Lesson #% AT AEfH#b
T IR % 2 MARPI R A AT A, T H 2 RIARIEFH 8, BUL8 2 T Z N A . {H Leeson
BHEGREF—-MRRSHF, CRERMTLRVESERARBE, REETERNIRS
FEHAEAIRR FEPERE, XR Leeson AR KM A& . B FAEAIRE A B2 H Razavi FA
B, MITERGBEZA—PEENFITRE, REHEZXEEFSEHRAREHE
FEAFERF R BEY ALY, XM yEEFRRANEZ EH SRR, BERES
BURBIEH U SRR B4R Hajiminl ZAR Y, RESHHANTERESE
HBREGT, BREFEEE— M rbdaRE, KeHaOmRamMr g™, xfhEd
FRABENTARSRE G ILE, EBEANTE AR,

R Y R ¥ 3R 5 28 AU ARAL R A P LML ORINE AR A, AR T KRB REARL
BAENTE BPAARRENBARRREEREAR, WIERERBRER. XEHRH
PR CMOS TZELAMERRGJOMLE A EERIRAZUE, % E5MRM
ITZHEHUBHMEE,

123 BHRGH

BEHHEENMNRAEERARERP AL EEBK, W FEMIFESE (DTV Tuner)
BRI ETEEIZD 50% (1~2 GHz), {XEAIREADTELH. AR EMESR
RIERRSHBHAM— . AR CMOS T L LB HRGRIEFT =M%
FRFEEFLEHD, FRiFEaBREHOIME T EERRGRASER, E—
HELEER. CRERRE LHBFFXMHEE, M MOS B, EidHAE
REBEEKNARD HLAFBR, SMABRABTTEEAEERTRE. GRMHE
ZRATHE, BERGAERA, RAMm, BORH.

124 RIhFESRY 2

FELREERE (10 GSM) PHRRNFERIFERITRER B ERSW.
RMEEERFTHEEEE, SRRLEERLEETL. RGBS, REDERK
STAABRMRAE . WA RIEH A EN T TR IR R R IR G B 00— DA R
BRIMMRTEERA RIS, RAH 0 BAMERETHIHNEERRRE
%% 2% (Transformer-Feedback Voltage Controlled Oscillator, TE-VCO) M, JEfrET 2
FREENRESBERE, BEERBETIE. ARALHEBRHAIARERAEX
fEER L RBTTUUIR R R . BE M RKARE CMOS TE &, A
HFEEEETRHERE, MREFEERPERELRE. ZEERRBREGBOAHLES
BEBY T RFERENS, B THEDE, HATHERSE., RERRBBRET R
GROFE QH, RULAYPREHGERNE, KA THLRS.

125 EXHiHRY 3

f&FH (Low [F) MEIEBEHAERI (Zero IF) FHH LB BHEREHN
RGBRUEEXFES. REJPEEETRBATEIEE=M: 25, RC-CRHEB
MEEMEXRE RS BiE. —HFERR I HANLEN R %, REEL
Za g NS ERNES . ZHERARBMIRER, WX, RERLEH
HIETH 50%5ZH, —BIERTRIOKMA. RC-CR MBNEEREEEN TG HN
&G E L RC-CR B M TR 90°188, FEMEEXMIBES . S ELER
R B IER R SRR, BIFElFRAR. EXBARY JEIHMRGAEMER
RRGHRZ FRMLAS, BERMRGSIELGRT o0CKEE, XHEREBHERIN
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REAFELELRT
BB ERRRGES. ZhEREAN CMOS T2 LElARREXHL REBOE
AFHIFpEN,

1.3 B4R

AR IO ST LC FE R iR 3 28 (AR AW 75 B8 10 R B SEHLHEAT T R AR A,
RXKRFEAREGHMT:

W CERBBTE MTAXERZIN CMOS fl1SiGe T2, 4&ik%3EM
BN, HMTHBAXTaeEESE, NTfSELZEPENREESME.

B=FLC ERRGR” NATREGSBOLERE, 3 Colpitts RFGBMLEXEE
R RHTEAREBRON, BRRGERESRGMENTET%. STHEEN R
MG EMRITREEHESEH.

BIE “HURE” METHAERFEREETBERENEZW, AR THALRS
S HTHY H B B ——Leeson M AYA Hajimiri TGN MR, X FRUMNZBHEE, B4T
MEBURERS (SF) MHEHE, REEERE ISF REKRE, hEEREER
B B AR 33 RS

BRHFE “CMOS VCO biit” AMBTHA CMOS TEESFSH VCO 1ix
e, —AN K 1.18-GHz EHi# VCO, —4H 1.2~1.9-GHz B4 VCO. K&
BRBANET CMOS EEHEY %, HERIRYGBIAHAMES, RETESRAHRN
Rt . XP R RIS ETESMAR A ERY CMOS TZkGHRITARE
EHHRSEN.

ANE “SiGe TERGR” NMAT FH SiGe BiICMOS TEHIWAREA! Colpitts F12

P55 SR 00T SE6) . Lt AR LA TR B R i iR 28 . 4 ARALRR S T
BT, FRIETHEE RS EHITRA . H PR T B X AR AR
BRITRAFEEMNRIEX.
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B2E BREBILE

$25 HEHBEEIZE

EREBRTENRBEERBRZVRENZHZ — ERERTEETLHEN
KR, CERBRESHEREME., ARUSERS O TEMEFEHN S0t ER S
BT LEMRA. RETENERBR T 2HE TEEMEIURE T 2 R5%0NM %
HETLE, EF GaAs ) MESFET # HEMT I, &F InP § HBT TEMET SiGe
# BiCMOS 1 HBT L2, AE 44 &R & 8B A BRI TSHE, /+4 CMOS M SiGe
I#.

2.1 HERHEELRR

1965 FEH4F/RK (Intel) AT 145 A Gorden E. Moore 32 H T 25X H Bt & B B9 Moore
R, L+ ERERBR-EERXMERR, MHEER B BIFIERTHESRRD,
AR TR H AR, BEOEREARNIEM, RSP mMRFEER S &
ELUBARZEERNWEHHEEE. AN BT SAFER TR, TEENRE
FRMERER. HEREEFYEET A TSR RN TEHES L, HRTE
MAEBAFIERHARL (Foundry) FLAEF2 (Fabless) KA ®RITAH,

ARETR BB RIEHT EE L (Fabless) ERBEBRITHEAR. TEFEER
BRI RIEERIT T AR RERA BB EFLIER FATEA R, ®RitHRER
F AR EDA ST EYRATUF R IC #&it, JELEH IC i sl A AUm T g iR gt
W%, BRTEFLERERRT AT UEFRBLTELEMEHTTHBEE A
RSN NEREBRAEETE, RAREFANT . EARFENRSE TRAFHE
FERMIRFRAE R AR R 2d .

BE, BERSIBANLEE—RAREE, —MRELRE-NERBEHR
TEE (RED. BRORAFREDLE 6~12 FERA, SIENTHEEREBESAMRER
<+, AXRBLFAENATA, BRABELTAT. Rk, FREFA—SMALE
Lige. RMPA B, BESRET/LHMER, ATREER, §AXREHET
Alkith. FTRGBREBARMBR AT HERK. HRAMNMEHDVHTE, £
BNAWIHESR, FEBUNMSE T2 M B & E (Multi-Project-Wafer, MPW)H AR, #
PIERRIFRAFREZLENEEEN MOSIS (MOS Implementation Service). EE
CMP (Circuit Multi Projects ). &5 #) CIC (Chip Implementation Center) F1% E ) IDEC
(Integrated Circuit Design Education) %. ZEEZXK 863 7%l EZ 211 T, EZK 985
IR, BXBRREESRATHSE 10 EAMMENIFT, KEREHASEHER
HERBTRATE 10 F££, B THHA, BEESEEERBR R HEGNREIR
B FFRETEANE. ERESHEERBRETHELR 10 B4ZENTESY; &2
MTEMEREBRTZHRMAEY, RTEMTERITES: BT —MFens
B, EREStEERBBIRRYE, HRATHE. BEEEAETRHEER, BL
BT HA, BRESARERARTESL R TFEY, KWESHRNEY, /X
FENSEEDONEBREF AR EENAESETERTIFFRIEE SR BRE, M
B bt A B R K.



FAAFHELEMRX

22 CMOSI%

BB MOS T2 R%E P &S N & MOS BA%E. KA7E 20 tH42 80 FEX+HH, H
BT BEEE N E MOS X &4 P & MOS fHE# MOS, Bl CMOS TZ. BENAE
REIRAERER TII/V BT E. {2 CMOS Ri6E REFFXRBHRN AT ETIH, &
BRI FEERPERAHEET E. TERRARBED, E#E CMOS T
MAFER T BN A S . EELE, ATEDE. BREEEERS, CMOS T
ZEARABRFTERBBHETELE. BFREEH CMOS TELMHMERAK, 5
KRR TEMEFHEERER —RER L, ZIED RS SOC (System On Chip),
KA THEREE TVHERE.

IEERMEE CMOS T E4HE R T AKFEIK, CMOS TERISIEHIZ fr R R E.
R F 0.35-pm, 0.25-pm. 0.18-pum fJ CMOS T E, $H-ESZE £ K454 12 GHz. 20 GHz.
50 GHz, B2 USSR H/V BEED T EMFEREMAL. ATUHETEHN
FikRAH

1
a =£§§ =15 2;‘22 Vs ~ Vi) @)
ERXBAKEE MOS BAEEHEAEFHEARERN, EXEEWERR, W MOS
EW AAELES /L RGEE. BfEtn, CMOS TERE SiBIT fl GaAs TEHEA
ST EE, MEBX—BREESLE. FERTHA, MOS BRI LIEHE WL B,

BHh, TEMESSHRIRRET CMOS TEHEUBEBAERE: (1) BEFHEREN
FEE; 2 FARAERESHEFEMNE, PREFHERKMHEME, BRTIZEM; 3)
RELTHESGASKEER, SlnETELBMESE. R, CMOS TZMHNEEILEAR
5318, mMBEEEHE AV, BR. HRAMAPPRAFGEBRENETLUAZ
ML ERA RS

FRFEXAEFE (TSMC) 0.18-um #5# CMOS TE®RITT VCO, NAHFHFH
PAHiE S #% (Terrestrial Digital Video Broadcasting, DVB-T) BBHl R AIRIER. BT
RNBLTEEP TR KR,

221 AEBMG

% 2-1 5| T TSMC 0.18-um 474 CMOS TE— TS HP., ZTEZRAFHA
CMOS #EE: IBE1ESREE (mixed-signal transistor) & —ZA FREURFK IR & B4 5
#E, FARSAGHRFARD, BREEESHERHZRELE: MHAEZEE (RF
transistor) HIFTEIEEM, REEABMMTSMBEIF, ARSI REEHTHR.
XPEZE CMOS S&E B RITERAARAREBEBH T HENTRE. HERE
BEWRERTE 2-1. THREFRAY, MHERANEE, BTHIASFERRBAESS
HER BTN ERAERRE RS, KRN REEWRNITRY B A BT
ARE ARt . EMZER RGP RARRKEE.

#2-1 TSMC 0.18-pm #xHE CMOS T Z M —S4FES B

B/ /um /1/GHz THesEN ERBEH
0.18 49 1.8/3.3 6




M2W KRBT

(a) HABAE b) BAES mEE
B 2-1 NMOS S E A

ERGHBHT, FERMRERM—ZO/MESE M g 7 RAMEAR LK
REREHFE, RERGBWERY . AEEERYGAMAMS B TEEBRNX, "0
X/ME S S H

gn =#Can:(WfL)(Vas = TH)=42;£“(WIL)[I:B (2-2)

Heh y RBAFEBR, Cox REMAROMANLEEE . B EXFH gm FEIREBIL
Mmmuigm. ETRBIENOEE, REBATERLRYEM, HRERKES g M1
T, MERRARED. B 2-2 5HE IR gn I FHE gu/lps B AR WE B
BIZACHLR, HRFEANRBERKERN 10, /7EHME | GHz. NEFEH, RE
ARSI P g N, EHBANTESRE, FHibmEBRNEHENZH—
A ELEAE i H9E.

ke

&m/ mS

2 0 2 4 8 8 10 2 14 16 18
Ins / mA
B 2-2 BiEEHEIHATNESHR
FREBHARERTH—NEERER, RGBOBLBRERK—BIREFHES
. B 2-3 & MOS EH/MaBRAESXEKT, ﬁ*fﬁﬁ?@iﬁﬁmﬁﬁﬁﬁ[ﬂﬁﬁ

. YRE R A AT MOS BRI ERMRATR. UARWRS X0 1/ WA, BEAEMF M
R, ERALRAE.

9



KEA¥HL2URX

o
il
i

N()
o

W =G, g 3 DF

© 0

S

B 2-3 R EEN MOS B/MEE %M
R BEB, WIEREYWRYRORREAATERE. 2 NS EEETRIE

- a1 !

i2 = 4kTyg Af + KF T @)
Hoh k ABRERER, TRAMEE, g. 28D, XHTEHMBEHE, v 2.5-3. KF,
AF, EF RIVFRAEREH, AUNTECHER, Lo TRl ARQ3)TE,
Y B R S B S8 g FUIE MG, BIMLTEARIE R [E % THEMIAH TR, gn i,
H B N LA

RIER AR R — R 1 RERARERER, —BORUF, XMERE
&, RIS SRR B PR mRED, T CMOS B4M 1/ REBANE—RERT
KR 281 o 1E 3 28 1% v P vl LUE I 18 28 4k T T8 RO R 1 B8 A PR B M PR AR AL A R 75
SR e A G, IR A EL AT AT AB BRI B R R B, ITIE R 1/f
BEHANE, B 24 AHNERERARENTESGR, HEIEFERR CMOS
HEHHE R 0.25 um, (REBFEA 3mA. WRQ-3)AT W, BEInHHC T LARRE I IRRE A . 7
HE R 878 NMOS & 18158 7= 15 ) i KA 7E 100 MHz, 1] PMOS B 1 A5 & 15
FISRZE KL R 10 MHz, X% 8 PMOS B4R A4 E R T NMOS 2344

uw 20-]
”-P 18-
g ] 3 ]
[ ()
g ™ 5
i ik
2 2
S 10 S .
~ s \-\ Z 44 \'ww
100k ™ Fre:;:llencyi;o;{z 16 106 100k ™ Fre:;:;ency1/ooqu 16 1
(a) NMOS [RJ15:8 55 45 f S % (b) PMOS N5 A A ME
A 2-4 CMOS #4INIGRERAME
222 EESH

TSMC 0.18-um #5#E CMOS T Z 4L H T IF 234435 Poly (£ #HE) BFH. Bk,
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B8 ERHBBETE
MIM (Metal-Insulator-Metal) B, ZBEFEM_RE, HRHEESEGIERBRI RSN
WEBE. BRERRYBEANEELECGRBENEEE.

AR R R RSk e A IR RS, T LR AEES—RBIE.
B O HRETRREARREL. BRNFEAHARERRER O HRRNE
. Bk SRAMEMNBREEWT R OH, BMEMENRST, BRNBKENE
SEBAFESMN. KR, EREFEN, BB ERATEEABNESREHEAK
wm, EEBWERY o EL, MABLSBBETIRE/N, FUERHEGET, af
RO, 724 XTFREHE AR R R e B R B RE B & &R
Ry, BB FERAFERAEE I fo T BER. HMEREAR, SBE
MFLEEARMEM, fio BSRE, XFBHT BERNTEMETRE. FHEHHLH
F, BEAERRGEAK. WREBEK, TLURARESBEM, &0 LLF R REE
SHAER. TSMC TEERMB—RFMRILAER, PRMEHKHERK. B 2-54HE—
ENTRE RN SRR RS g, BESEAHEBET 30 pm, £BLIAE 3
pm, BEKNR 150 pm, B 3. AEFE H LN BiERFT#ETE 54 GHz, 7 1~2 GHz
REZKE QME, A% 10, BEEEN 4.5nH.

12 4

»

10 4

Inductance / nH

b & A U o N a2 @ @
1.1 A
[ o ~ » o -
Aol L n i n

i’requer;cy / GHz i‘requen‘cy /GHz

(a) HBMH (b) S FREHK

2-5 ENXHRBRBHBESRRELK

BREENTRATE MEZERGFETLEE. VCO SIEMRAN EEREREE
BAMTRER . TSMC TERENEREEHH, PN £ AEMMOS REE. PN
CHRNERIEN B E—E prBEER, AL~ ptn-well FBEE. MOS BAHE
4% NMOS BHZE N B, M3 T D BER FEDERHRL, Wik MOS #AER
RX, f MOS B THEAEHERX 5HRK. XF4H#HH MOS FAE MR AT EE MOS
TRE. ENNEHME 2-6 Fix.

op °G
(I;I ' S/D
- I = =
[N+]  [p+]  [N+] [Ne] [N+]
N-well N-well
P-sub P-sub
(@) pt/n-well EREE (b) B ERMOSZERE

B 2-6 PN &AM MOS BREEH

BT PN SR A AR BAN L REEREET AR, PN &H AT RHEANER
WA, I TR, SRS REL TR, B kAR EEENA MOS RAFHAT VCo
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RRREE %R
®it. MOS RS M B RBIEAE SGHz LI L. B 2-74H MOS BEEEMEAERQ
ERE R E BRI, HESETTHERTERRA, UERIRKHNEATLE.
FHIBERIEL09 V Z AELRH. NEFAR, BFEFMHEEBEE 2~5pF ZIH, M Q
HEEKR, B/MER27. REH MOS BEERSTH/AD, BEBCHESWED, QHLHY
tn. 7 MIM B2 Q EHA7E 100 LA L.

5.04 I.’._-—I—.

.5 70 .
. as '\
& o N
8 \
g o “1
X 304
8 .
% 254
O Ll ———t” 201 s S
4
RPN FA PP Pag P g P PP AP A B TS 15 4+ 97 0o 02 o4 o8 v e
Control Voltage / V Control Voltage / V
(@) BAERE (b) BAEHRAK

B 2-7 BEEHFHEMLR AR

2.3 SiGe BiCMOS T2

SiGe BiCMOS T2 EHF—&FIIET Si BiCMOS T #1 GaAs T2 ftAE, BLOH
TREE RS IC B A HETIRES i M A . SiGe BICMOS T 2K A SiGe 7 R4 kAL
fafE® (Heterojunction Bipolar Transistor, HBT) fEERE#EM, XRE5HM Si BiCMOS
TEMEERX . SiGe HBT £EX J SiGe NMAE . KT R AL B X K REH 7R %E Nk
R, BATESES. £RamE!, $TEaEEMSMBEE, Bty
. SiGe HBT ISR EHIZE CiAF) 210 GHz MR K. EMIRIE, SiGe HBT CAY
GaAs BHFHFEFXTFE. o, SiGe WEHIETETUREM Si TEHKE. XMHLEHK
BHEAE SiGe ST UUVSFARERE A IC A RIEBITHE. HAEPRAL Gaas TS
KB % . FH SiGe BICMOS LE A HER— G LLMELES ZL M RF A B
FEABEREBARFES BB RER. SiGe HBT 2344iE AR E 2-8 BT R,

KA SiGe BiCMOS T 24 8 /& 5% VCO HIE & HBT Btk T AL A A
SERIEEBEARMMEE . VCO BIMALNE S REB T HE RS E, kb @ik
FIHRBGSTHRBGHAEETRE BBAFEAREFRE. SiGe HBT AMUFMHR
5, MARERED, MRIHEHAES VCO BR. BRBGHB/MREERBRER
EVCOBREAREHFEHEAFERE. BREAMEAETER VCO IRFHEBHEE Q
. VCO FRBMHMNGRESHAMEE X, SiGe HBT HINIFRE /D, HAMER
& o IX AT PRI BB AR AL R A+ 2 B F. SiGe BICMOS FoAR % T el AL B 4 HBT
Z5b, BRERIEIRREFE M. ZEA LERMBERKER. BERSHALHETHE N
TG R E BRI VCO BIE THERIKM. SiGe TEMZTHE 60 ERTFIE
B, B+t 90 FAAA KRB, 2000 ELLE B TEE S SiGe HBT 284451
ERHEBIERATER, #18 SiGe HBT T ERERMR.
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F2E HAHBTE

polysilicon emitter

emitter
base base
collector n+ / "
p+poly p+EESiGelPH P+ poly ‘
/ n+ n. / ///
N )
: p-substrate Z
deep trench
isolation
2-8 SiGe HBT # i &

AICHIF B F] AMS 2AFREEH 035 pm SiGe BiICMOS T E# T —ALI{E#E
ISM  (Industrial Scientific and Medical) & B Colpitts #x % 5. %L &3R4 T NMOS.
PMOS. £ EEERFH. Brefl. MIM B8, BRMEEGLA SiGe HBT 23544, HBRHTH
ERE&REIE, BERFE 1L.1~13nH Z[E, &KX QN 10 £4, —#&KHHTE 2GHz U k.

LTZFH HBT RS RHK R PEE 0.4 pm, /7 7F 40 GHz LU LWL, XUk S5 E
PMEES B SEBRREBRKEL
gn=Ic/Vy=ql.IkT @2-4)

R rr RAE, R EXBEI25°C, I=1 mA ME&HT, gn=38mS. MEE22F
HXTHY I mA MR E B, MOS B EHSE20mS LT, AEIRESBETERN
BIE.

SRR A R 75 5K I SR AR A AR R P AR I BN B L AR e U A B R A
W P I EEAR L R PR A PR A . /ME SR A s B I 2-9 TR

G
E w—0O 1 —5
" —_
v _ + -
®Fin: wta g ng ®F
o E "
B 2-9 #REIERN BIT /M8 S %% B K%
Blrh & B VE EARMSL, HHES AR
v = 4kTr Af @5

2 =2q1.0f @6)
13



R RFELFEMLIRIT

AFN

E=2qIBAf+KFN§—B—— @7

BFN

Heh k RERERER, TRENER, q RETFEW. b I HHRBRBEERAME
HARE i sifl. KFN, AFN Fl BFN RINFEERESH. n ZRYEAHE, RS,
TR B e F 7o RABARTU BT EE, PTELEE RS

22 NEREEUSH

SR E R KFN AFN BFN
HS 1.2¢-14 1.0 1.0
HV 3.0e-14 1.1 1.0

AMS TZH8MU%M HBT &, A (HS) BANEER (HV) . 224847
XEMERNGRESHLR, TUEHARENNFEREEEGEETEES, FHitAR
WP RABEETRG BRI, B 2-10 SHINEREHANZNTEER, HRT
B AEES, RERGIRER 384 um’, WMEERFA 6 mA. (FELEER HBT B
IR S 4R AR KAZE 10 kHz, FOE 2-4 ELRRATAN, XUMRHE 23 1F A5 A4S HEE
MOS 2844,

Noise Figure / dB
2. 5.8 % 8

o
1

~y ey

™y - ™y vy YTy oy
1 10 100 1k 10k 100k ™ 10M 100M 1G

Frequency / Hz
Bl 2-10 HBT 884 (RIKFMR 75 15 f S

AR H AN RE, KA IR MR I DU NEX B, AT AR
RN AR AW, K23 AHERERARELEGT, rnAXEHNKR. TU
B, W XEEE TR E AR,

R 2-3 BRAEMXERAXR

XEH 1 2 3 4
7 /Q 228.6 87.2 71.2 65.4

2.4 /NG

AELEBSRGBRITLART TSMS 0.18-um CMOS TZF AMS 0.35-um HBT
BiCMOS TZ M X E &5, HEHMIRY 2 R4 T &k,
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FIE LCERRGS

$EIE LC EEFRHHE

B S RRRHTEEREPHREIIRER, BENATHHETRE T, £
AR LRGN TR A IRY 3%, ARRIREREHEBBHEES . HXFRRE
e, LC |G B/ —MAFEHFHAAELR SRR, AREZAEGENREES, WESH
BARERBRNILTRERRLET. ARENAD, FERANTEECRREENSH.

FENTREGFSOITERE, [UBHETRED VCO FAEMER, TR T #lk
B ERTL, BRESHTEREANRSGSBEH—LC 20 AMERGEMN
Colpitts #& % 2% .

3.1 wREBITHERE

BLEFEREMT, LC WREBUTUNEHNAR, —REFIH ERBREM AR
%A, CRHUWNAR W—KKREGH. A—XRAERGS, CRGAMEBGEE
BENETRERR T, FIF 7RSSR S s BN £ 4K BB P 03148, A= S I\ A
B, FTAKHMAEERRGHTENERRE,

3.1.1 RgEHRE

o R A R LUEE A 3-1 IR RBRALGUNEY. Kb Ha(o) R8T
HEBEINEERE, H(o)RRBEPSENERERL.

Va Vin Vou
4

v,

He(jw) =

Bl 3-1 RFEGBHROEE

EZRM ARG AR ERRE
Vout
|4

n

KA T(jo) = He(jo)H,(jo) RIEZRRREOFEME, BHERBLFHRN

H,(j@) _ H,Gw) G-1)

= Al =g ot Go) - 1-TGa)

T(jw) = T(w)e'* (3-2)

WMRERBE L 0>, ZREERED MHHBEEAT 1, BHREFIA—
RN, ZRERSWERBK, FELFROEH, P=ETRY. Bk ®
HIR IR H

T(w)>1 (3-3)

17



RAAFRLEMIR

$r(@)=2nn (n=0,1,2,--) (3-4)
BREEPAEREM BB MIMB A 2nnkt, ARERREMERLARDT 1, ZRBEALS
BEERS. RT(0)>1 @3 (@)=2m n=0,1,2,-) QG-HHREHBMNIER

ERIRAHMBMEREASE, WRRGBES LR HELEMSF.
LRGBEIRKZE, ®HBJBENGELRGIE . XN AIRGRROIRY R
BHRIEER, BB E LI &R wT o &4

T(w) =1 (3-5)

¢r(@)y=2nn (n=0,1,2,--) 3-6)

EI12 PIBFR A IR 5 28 RIS 65 R AN P & 1F, RIRG %45 L FRRFEIRY &
MERM%H, NRABTEHRAYE (Barkhousen Criterien).

RGERLAABEBZIEFEAE. BE. BEFIRRRZUNZN. KT
R EREESEAEESHNEL. AN, RELBRABFEERGRE, RECE
BRMNOFEAAABRE, B2, #NFERSEEHNEMERSBEL, FEERYHBE
RIBLEABHER. FEXLBEER No)Moo)2E, MBS CER K%
. MRELBOAMR B REMER, RGFJERBEITRERAFERE, NiTSBR
GRERVRARIFAFERS, WRARRGFERSRAREN. K2, MRE
WRARMRIRE R B, G HEB=ERBFEHREOES, HERFEREHHE
BIUHTERS. MAXERUHEREAUE, NEKREFEFERE, WRGER
FERERBEN. ERENTERET, REBORGERZNRGIEBRZESF
R RN RS MEWTHE RN, BA2IEERERE. BEFFD HiRIER
A FGARE . IRIBIRE R MR AT A ML, PREERIRRERE IR
AR A REIRE, B

oT(w) :
o by <0 G-7)
FRALAERE S R IR P B AR 5 AR 2 (B] A R 2R D i 2
@ﬁﬂu <0 (3-8)
S =R

312 FMHKRHRE

FFREG SR E—AER AN A ESG (BHK) HES LC #iRERE
¥, UFEESRERY. WA 3-2(), WHSHEM R MER I 5HEERNXENE 3-20),
B M e nAl i, SREBIE VIRMEZ 804V, W v gk S E8avial HiE, IREp
REIEHMY, ZHEAMIARKGEE, HEMHIGRE, MERK I EHE VXA
W 3-2(c)FiR. W4 ER/NAV B, Hid R KERR T8 KAL TRENIX #2415
|AVIAL J3%t, R 2HEFEMY, ZHEANMEREELER, RAIFHHER, HET
— N hEFEHIER.
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EIE LCEREGR

(a) ®)

32 EfRFME

HUEAT R, ERBEEEE, Rl E, BRER, UEARNESESH
BEMBRARMZRREA T RN FRNREHE, AEBRRENERRAEMHERR
BRE, FREASHAERE. £/ 320 RSFRFEHETS, RERBSH
B VI KEAEE, FFUAENERCETRRNERER, ZEREEIETHREBRHRN
R T REERWE.

E 3.3 FARE LCERBEPEAAE r,, REBRLSBTFEHME.

i
L b
,3 i C
ng
i "’

B 3-3 fPARGHEE

HY RS Bl RS RN
i =i, +1,
1% i —ir =0 3-9)
dt
L‘j’ +Riy—— Izadt 0
R ARAR

d%, L- RCr dl2
—_—t4 L
o o )

)12 0 (3-10)
r

RCr,-L . r,-R_, ) :
4 X0 =26, e =a}, HEG-104LEH

drz
d2

dz2

+26-2 oti, =0 G-11)

RR— MM TR, BEFTERRAIBE, =0, L(%"tz) L=V, 8

iz = 4 edl(em{t _eml) (3_]2)
2L\6% -
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RERFHLEMRX

#® R, R LC iR BB M SRHFBIAS, R=L/RC, RG-12)FUSHUT=MER

) 6 >a (r,+R, >y, RE-1)TUSR

JIC
i = . 5'2 ¢~?'sinh(y5? - 1) (3-13)

o sinh RXUM X R H. Hit3 2 s mban mA LRy 2k i 34 iR, ATUUE Hilt
AR ARG . RAERREERE, iR R, K.

i

-~

34 67 > of HERIRAEL L

24y, RG-12)TUER

2) =} (rn+Rp=\/L—C

i, = '—LV—te“" (3-14)

Hﬂ%ﬁ?ﬂ%ﬁ?ﬁﬁfj}‘i%ﬂ’] lﬁ%ﬁﬂ@ 3 5 ﬁ)h?y ﬂtﬁmﬁxﬁéﬁiﬁﬁo EAEETRN

ilr

~Vv

3.5 62 = ol AU RLTEAE 1L Lk

3) 8'<aw} (r,+R, <«/2§C—)’ W 6% -0 REH. 2 jo=\6"-o; , R(G-12)
AILAE A%
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B3R LCEERES

iy = %e"’ ' sin(ot) (3-15)
AT R R R e A, RBIFEAET Bk, EHRRGHER
Lo 1 mra Ll _GHR)
I =5V % T an @19

(2) WIBR () FERY (c) iR
3-6 &% = ol Bt MBI MR

RCr, -

M2 5 =
= 2RCr,

0%r>—~=&ﬁ ARG-15)B—MRIERGE S, B 3-6()FT7R.

5=t _0, By, = = R B, RGADR—MEMEHES, WA 36O,

w5-Tht <0, <op= R, KR MUIRRS(ES, W 3-6OFR.

BEA T =AY, FEHBRERERS, RE rnORELHNTET LRC FlIEH
FROFBMES Rye ZEMNMEEMEN, BESEFENRGES, CEEBBMNEEZ
BB, MEBERFEEFAENREH ARt =5 rnOBANT RN, FFHERERHE
HIRER AT LRC BB FERIRE R, % E SRS, HAMEmERS M (R
KL, FIRBH CEE) AREFRERESRERGESBESELREIHEK,
BRARGESSREER - MEENRSBE L.

TR YR R B A IR AR, B8 KT £ B Yk 9 4% FE B R FF BX Y 47 BH 9 7 2% LB
W 3-7 Fi7n. FE CMOS SEREBRSEIF, —RRA 5 PR I 23 40 2 KB S P 3 3% 2%
BEXRARERRE (BEEFE). THREESHHFRAIREREEESAERZMH
A 7 B e 7 2 A0 22 B R 2R 9 P iR 37 2% FLBE

— Y e AN ——
L__ L R
'rnEE TC 'rn:E =C
R
(a) FERF R 722 (b) SRR S IR 8

B 3-7 SR 88 R L
MEE LR, fRBR—FMIERS, RUAHEMHEMERRIHEREHN, A
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FEAFMLFTRX
S PELER R R EE, ETO, EXFFFERARES AR TR 2.

3.2 VCO Ryt

E#ERS#ELERTYMAP RN ARE, TE PLL REMTHREME
VCO MIMAIER], # VCO M8 BB HE Hap, ELERBEN Ko, W LPF (FBE
B WES Ve MIZEIT, VCO KEIHESHER

Do (£) = @y + KoV (1) (-17)

HFw=dp/de, # VCO K HEA N

b ) = [0, ()t =0t + K, [V, ()it G-18)

EXIRG B E S ERPBE—T

b ()= K, [V, ()t (3-19)
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BRI KT ISF &%, T EAEE518 3 ISF RBE IR . RATERIINERA
FEH ) ISF BT Fit H sk h & ARG AR AR Z W, 10 ISF & AT
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% 5 & CMOS vCO ALt

5% CMOS VCO fifkigit

AENA CMOS LZRITAIES ARG HNERERE S, NATHRFENRE
8. —/4°H 1.18-GHz BHH; VCO, —/ K 1.2~2.1-GHz B VCO. LA E A E
BERWER, SANERETEESERSJZAHEMEE, REFEAART VCO ®itid
BRI XAMR T .

51 WitRirEREBEH

BFHMHE % (DVB-T: Digital Video Broadcasting-Terrestrial) 15 55 % Vi [
% 48~860 MHz. SPEURBHLRARKESLEH, HEXRRGENE 51 iz, b3
P E— AP HEE N 1220 MHz, XBERA T UH BB ERE—RRAREEH
1268~2080 MHz. Af{r¥: 4R H-85 dBc/Hz@10kHz F-105 dBe/Hz@100kHz, =4
&P AIKESE R 36 MHz, MTE AR LHEN 1184 MHz, ABAIRAEERAE—A&
. BAGKA CMOS TEFHEHER.

Mixerl Mixer2
- N\ f— ==

X

Filterl
48~860 MHz

LO1 LO2
1268~2080 MHz 1170~1200 MHz

H 5-1 DVB BH IR R EE

HTREBTEARBRBMEEMES, MLCELFMERFRAFTES B, HiR
G EEEAARI A AR, X ERHES FERGZEREW. bF
BHRRBRSSIAGIES, EERHPREFHREHE, TR RABERESW.
BRI XA T PMOS BHENA NMOS BH#5. HLARBARA, NHRME
RIMERBRUEFTRNAEME. ANBREHRAKEE, BHH VCO B, MNTFRit
BIRPERNFHEE, REZAENAVEETELR. MANTRERBERE, B
K VCO K EFZ IR E#ET 100 MHZ/V. FBE FEHH VCO KRB IR H BEFF < s A bE
I KL . AEFRHURFIRGRAERM, 7 B MIT <82 M5 R 5w
RHH. HAORGERVERERERER, WA 52 FiR, Py N HERETR. HE=
ERNATTUERY B2 EE

1 1

S =m Jowin =m (5-1)
LRABEBME, CoinFl Con REXTHATRE. MRFIEE
A=4I,, R In 5-2)

s RIWE R, HERGENE, 7£8IF8ERERER T T UET AW REERYT
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KEAFBLEARX

BE. R, RIERESHAGFE M, faBNRAENRMHEEsE, TTLLEL SR,
AR AR AR AR, THEESIHBTIITRL.

7YY\
L
VAR, VAR,
P H—w N
vet

M’[P<—ZE|M'

L

& 5-2VCO RE A

5.2 MMBREST

521 GBHELERSEEZES ©

EEHMEDF LC ES ARG HOEMERD L, ERERATTATHET
HIFTH . BRRG BRIV NIRIEN 4r, WXHERES T IEZE S OERMALEE

Vp(@)=Acos(g)  Vy(9)=—Acos(g) (-3)

XEMMBor. & MOS BERELE Viw, P NWANERRERE Vase A TRIE
RGBTSR, —RIENTEHE VaassVon/2. RFH2ITIER, ZXXEEXNHHEE
EHARRSEN. LB 52 PREET M AP, RGBEF ve SRIRBA is FXRW
B 5-3 Fr7R.

vp

\\

"

J

B 53 BBEIERSEEREA

L]
)
I
]
1
]
I
|
]
I
]
-@
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# 5% CMOS VCO AL &it
LEGHERIREREZ TH, REEXE. £ MREGAMR, TREESE
MBERRA 20, ORHKIEXTEAR.

FAULZE, &6EM NBITURTRN
8o = K, Varas + Ac0S(@) = Vi)
- K, cos) T 54
= K, Alcos(#) - cos(®))
X-OSPSOBIL, HPORYEBHEMA, (Vous— V) A=—cos(®), M

d=n- arccos( Vms; Vmy ) (5-59)

FAETAEE=/MREENES
82 = K, A(~cos(@) - cos(P))
8us = K, A(c0s($) — cos(®)) (5-6)
8 = K, A(—cos(¢) ~ cos(D))

522 EREREIINMHBLLGRH

HTE 52 PRIERERRTRBEAZMES, ATHHE, RELESN—
I B IR R . BT KBRS, WS RARA— R SR,
W 5-4 fin. BAMERERRBMEEEYNERN—3, BEENEROFHRE,

VDD VDD
. 9':><’£]M o db L
X R | k2
PN
i i {F
C 2C 2C
M]qu, M,§:_><_T[M.
T T
(a) EHEIRIE ®) TR BRI RE

Bl 5-4 E5ERESH AR LIRE TR
MEZEARME, CMOS LC RHBPHEERFEER B ERIEFFEEHE R, A1
MOS BAFLMERRRELUR 1f BE. BEEEE R, 6 B AR X AL 5 1
P, ENESHTHBRERY T KB AR EF=E N REERZRE A0
Ly
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FEREHLEMNIRT

2 2
L(Aw) =lOlog(§—;’“’—-MJ -7

2A0°
KB guax BEEREEBE—NMES AHRAR ARG ABRHT, HESTERETARE
58ERENRE. 2 RGFEOZER, MTFabfgsy

max

P2 =it =4KTAf [(R,12) (5-8)
TRIX/ME K ISF Ef. BiR(5-3), ¥4 P &b ISF HP
I =T, =-sin(¢)/N -9

ERX8 ISF RS ERERFEAEMAR, ERTAEHAEREY A, TRAQ #Ifkrh
BN ERERARBIAY FEERBKREML. N FTEREM. TUES—AY
AR M7 {E A

2 _ 1 2 __ 1 .
T =5 [ TR @)= (5-10)
BRIt R R AR A P BEL 5 A AR L 7
L(Aw) = IOIOg[N 2 280 ] —IOIOg(2NA2C2RpAa12] (5-11)

BN RRE N RS RP3E R EYEEE N DS 55 15X
AR SN,
523 VHEHRMRAETIARNARALRE

BT RS B E VS B A X AL R S R, BB R G5, AT

ARAMT My B XA R, HEGBERNRERWTRLUER. £44R
(5-4) ARG E BT IEEE N
a=4kT g, =4kTyAfK,,A(cos(¢)—cos((I>)) (5-12)

AT HE Ty (BXH M, FIHEK ISF), MR ISF FIEX, TBEMAMEANREERER
TH R, B e A AR R AT

% M, FIRAEE AR R RS, ZRMMBERE, M. M; BIFRREFR
[, BEAHWE 5-5 FirER. B—FHERLED-n<g<n-0, My %KM, M HLTHAE
B BoMERR-O<g<O-nRin-O<g<d, FIEHRAEHIEARNKR, =M
FERO<p<2n-O, XA K ig WECEAEET, RAEX MM, KM, SHRAERE
AR

O O-n n-d

-7 () b1
T T T T T —> ¢
i i i i i i
M, :oﬂ‘:on:on:on:oﬁ':
] 1 i ] i |
M, |on|on|offjon] on|
i i ! i { !
B B S S

B 55 RUEFRRE
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%5 & CMOS VCO Lt
Xt FE—FEE, £ M, BREZ EHEKARAE EARTEAQ, WHE 5-6()
Birm. EFH CrRBESBERY ABBAFERS, MM, ZNMEERD. KEZA
IRk R VRE T LA R A A — IR BBk R IE, HATEAQ, W 5-6(b)fTR. X
HEY C#ETHEAY, M Cr#-A0 KB F-AVy. TEFT-AQ & C#HAQ RFIAV ik
MFELMN Cr BRI Gy, Bk, C TABREBURE, Ny BRAFEN T BFO-n<g<n-O
I —EAHE, MEASRELEX, T TREEY,

@ ®)
B 5-6 M, FEm M, XIH1EE
BB RWE 57 ALY, IEGREESITEERAEK.

Z} (1l Eﬂ ﬁl
. 1E;.><4|;l : 1 I ke

-AVy C ov Cr
I 1

B 5 7M, fl M, BB HE TR

BRESFAQ. HANE M, ERIERBBRBE C M Cr LEETHNEE, AV
F-AVr, C; LHEHR 0. HTF M AMASHE, Cr LABEMF-AQWHEBE CHC L,
BRBENEIINEERIEL, FREE C LRAV R C, LHA: K

AVI = AV.__gf—Z_

gml gmz (5-13)
AV, =—-AV —En2 _

gml +gm2

ZIEBIAV, FAV, P EHK, AV, AV, SIROBKBLETH C LR—EEAV 58
FRKHA, REA

AV =AV, - AV, =AV 282 (5-14)
gml +gm2
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KEKFELEMR
HTFAV =48R, M(S-14)T] LAE B

F- . = —Sin(¢) 2gm2(¢) 5_15
Wl = ) 5 ®) ¢19

AT REEBISF Tigsi e WRIEBUERE, N(G-12)82a(g)

@ = \Jcos(¢) — cos(D) (5-16)

R, DD T T etims B

1
Cisotins = 5 [ T (9149

2
1 SIH (¢) 2gm2 .t 5-
f-o [gml +gm2] “ d¢ ( 17)

2
- f_osin’(eé)-(i‘ﬂ?—m%;f’)—s@] (cos(§) ~cos(@)dp

X B -0<g<®-n LIRS Fn-O<g<d LA HE . XBHSER x=cos(d), }#4
a=-cos(P), (5-17)%%”5}%3

T2 atms = nNZ [ -+ ( ) (x+a)dx—nN2 (4 2 1250 +0(a ))

2
TR (VM-VTH) __4 Iy,
V2T 3aN?\ 4 3nN? KA

Ias RIRE R, BHA=41,,R /n, BEH M, HIERRESESEOHLES

_L’__z 1 Af (4/3)kTy :
L(Aw) = IOIOg[N s —_a)z] 1010g[——————2NA2C2RPAw2) (5-19)
Xt R A (5-11) T i ¥ s FELBH 5 MOS B 038 L R A5 X ML R S I RE A 1:ye

Xt F IR P 5\ B AL e 75 RV RIS REAT AR (BT LASE RSB DU B P+ K ISF 1R
B S —FRET %, SRS BETHEGE, BERFEVKS ISF RENERY &
cor BE) 1 XEHIMEAIES . HBIX =AM A INE S 20 B RARAIRE S,

(5-18)

max

5.3 MRALTH Tk

RIBATNBRITTIE, AN RE BB AEERN MOSFET IR K TR 1L,
PIRG BRI HRAIR AR, FEM TSRS KBEATOMT. dTFRAKERES
AREEZRR SHAZBXAME, HEEAES=RMOEM EBEZREAMETZ
PR DX AT SE A BRI 47

531 BEZBREXSHHEZBEX

THERERESAERERS 2, REERBERTHEN. SREEHEKE
(WiLeg) BH/NEKRES, EREIRIE 4 5P WiLgt¥ Kk (BREZRX), REHT Vo2
(BEZRBX). I 7T X% EBEAHMRE PRI, FERERBEHSERE
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5% CMOS VCO Lz
HAZREH#—FAS. BTFREE M, BRRBERRE M, HIIRBEE, HiRIE
A<Vos-Vmu B, BBEE—EHIATSER, % OVes-Vmbt, SEEESHEIETS
1EX, ESBERGBENIEM, SEEE—NARABREE N TAETELER, W
A 5-8 Bz,

/

mﬂaml f/ VGS'V’“N [ SAK & N

/mrz \ -

Ll .4

B 5-8 WmELIEREMRBHZL

FULAERAZRE P AFANER, KR [ B, A<Vos-Vr BEEEBMES ALY
AFE, BEUP, LVesVm SKEEE—NAPABIEEASE, wE 59 FHF.

A ‘r ;%ﬁ%mz HEZIRX
Vool2 [T :
LT
Vos-Vru f---- ?‘"?E

: Wil

Bs59 BEZRESHRBRREEX
HAZRE S, RIEAS WilaRIEH
A=(4/m) Iy oR, = (4/ WK (Vo5 Vi)' R,
=@4/m)pCox W | Lg)Vos —V)' R,
ﬁﬂF Touns RESHRR, R, BIERESHFFERE, pRERTFIBE, Co BREMEHR
PIEAERE. MEBRERRE P, RIEA4NEL,

532 ERBRALRT

LRGAE—EN, ERECEAFORFR—ANEME. BTRITSHIT LC Fol
AEMAERT, WAEERRBEESERRDNRLRS. TR PEREBRAEHA
O HE, WIEIHRESHAE 5-10 R RLC H B,

(5-20)
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RARFMLEMRY

Y AM— L —s
L Ry S — AN L
" :> Rip ¢>
c i Re
c "
Re AW c
Re

& 5-10 EREHSRTR
HBE=ZH, IHEMSREHRAE QEXT 10 HERIEFEERY . HhHBal

R =0o,L (5-21)

MRG2D)FH, RFEFEHEH Q EAEN, R IEHTREME. X L/, R,
. XEHERERBEFERBTEURNE R, LHRERNE, REESER. EREKY
BRHPRTENHER, MU FTURBREREAD. BRGE-2DRAG-20)
x|

A= uCox W | Lot )Vos ~Vru)* Qaol (-2
BRREAEBRAZRE PRAERTAEN, RFEEMNBRE L RIEL. SHEHPEKX,
REGFNBRAZREENR BEZRE.

WBREATE, RG-1DSHEREFFERETIAGELRE, BRXHAHT
RTHREZBONEL, EETH

kT P ‘
L(A®)=10log —————— |=10log| it 5-23
b O{ZNAzczkpAmz) Og(PMa) 2

BGE2)KRALER, B3

P 1 1 WL

noise —

o o 5-24
Po CARCAL 4 G20

_A% « —2— (current limited)
L (voltage limited)

MERBEH, HLEMY, ARTAEERAZRE, A<R <L, BREZKHRLNE

BERRE, 5L8KRN, BBTAEREZRK, 4 AFK, RFREHRLHEE
ERIEL. 2T U LR, BTERGNHEREI RS SE BN, DIRKBRERRE.
PEFRERE QEA 10, FFRFF LC RAARE, XM L {4 RHER BIFIABAIR A AT
B 5-11. NESFFH, RBMERE S-nH IEHR/DIHALLRS.



% 5% CMOS VCO L&t

k)

RRANAR,

ARLL S / (dBe/Hz)

k & 8

T T T T Y ™
4 § (] 7 ] 1

B /oH

-T
3

Bl 5-11 Mg A S RBEMNKR

533 MOSFET R~HE

MOS @&BERTELEWELIBAHONTL, ERERGEEHTRREFTENE
5-5 FiontEs, B MOS B3 E R kAR ERRIE 4 AR BHE. HAHR
BRTEETARG-T).

T2 Z/Af P,
L(Aw)=10log ~==. 225 1_10jog) Looee. 525
b) og(q:m 2Am2) og(Pcan-is) 629

EE 59 MHERZRR 19, BFRIERD, BFMRBREERGEAPN—EIET
AKX, XEMESEHO=N, cos(®)=-1. NG-18)BFHTIms RE a HHX, mwa
a=cos(®)=1, FTlllms BERAERKEEXNER. dTRIBR D, BEGEBHRE
BEE AR R A IR

P2 = 4kTyg, = AkTIK (Vs ~ Vi) W [ L g (5-26)
EAB20RAGS-258

2 2
P:loise = 1 . M P M o« .-_1__ (5-27)
P.. 20M0* A2  (WiLgY Wl/L,

MERTUEY, EREZMX I3, BRERKNELS WilaBiRWK, &P AFRN
HIARGI MRS

FERMRRE I, HVEIE R R R A — AN EE R 7 IR AL A B o B ot 7
B, IXEERAT LUK R I R R AR IR R BE R R AR AL B E ISF L, TR AR A iR
REMEEEHRA. BR(5-20)8

= MTK A=—— s A« 4 (5-28)
ha x (Vos = m)sz
RAR(5-25)8 Bt X 5 e A5 i ThER L
2 7
Froie oo Tom op o 12 (5-29)

P_. A?

camer
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REASM LHA8X
Toms BISKAEH(5-18), REZHAREMEAELHER, WEKLRBEE

1 _ 2
Dot eftrms = LVl-x2 .(f_;_g] (x+a)dx

(5-30)

1

3 .
"‘——'[2(1—(12)2 —\/l—az +4a2J1_a2 +4qarcsin(a) - arcsm(a))
a

47N?
# a=-cos(@)LA (-5 AN LR, HRAHMNHLTESE, LB EIm KT Wila MR
H, 10T 78 3 b X 358 7 e 2 B i Th R HUARR W Lo OB SE 2R, W8 ) R 20 b 48t ) 5-12
i, B iiskRRAREIIRL, HABFEB/MERTTIH—, BPEHMEAXR
RAMAENGEMS. TUEHERESHE RN ESREA4HIE, TH NMOS &
BEFKLLIE 80 B) 90 2 [A], G REBH R PGS,

R
“6_\ ° o (HH&R
[+

2
rhﬁl,cf.m ;

K
B
-/-/
Q
[+
(-]
s & £ b & & & ¢
HIRIYE 3 / (dBo/Hz)

o
B

8

8

T ¥ T
100 110

B 512 MHEBAESEKENXR
EHEZREFESREAAFHENK, AMESEAOEAFTEN, dREG-17)

A A1 B T R E H. K (5-12)13 BB 7 e A5 B I
2 = 4kTYK, A< W/ L g (531)
RHEBREEZRE S, BERHEIELS WilaRiEH, 7 Q AT B/MHIHALES.

GLpmd, REESRZRE 0 F4 FERFREHELFR/ME, E— R B2
A B R ALE.

54 FHEERGS

ANFUTEARATTERIES, HAT 1.18-GHz BRWE RS FH Rt
541 HBEHR

B EEIRY SR EKEENE 5-13. HERNEHAT PMOS B LM NMOS &
HEX. EREO— I REENRPERTUR—NHEERHR. MHEFRHA
AN RABBEHIRL. Low Crf Lyy C3 HRBF/MERTE 200 KIS, KPR L R
i TSMC TERP RS ZENMHREE, LA L RETEEPHSEFERR, TE
H% VAR, fil VAR, R T ZERRANF AN MOS BEUEHE, A CKXAROH
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% 5% CMOS vCo Lt

B MIM 2%,

VDD

ng =C,
M i

m M m
op 1f it I on

<3 Cs G v-g- Cs >

L L
Ri2 VAR, VAR, 3R
&l e

(I;’ vct - - é’s
w]H Mﬁ><¢'[m LT,
L, =G
L

B 5-13 EHERRYSEKRE

HTRG[EORBAIBIRAR, BARESERE ST IE H RRERE T,
WA B BRI VOO Bl Bl 55 RAR IRR S . ek el B T LA 3L IR el
BHRbEA T, RABCSEHLH, BTRESLOERKBENEEEEESR
- B, MAFERMEREAERATIGE, RANESEREMIRIFENRD. ERERE
WM RER T, RIGBEHWAEMRTIFERD, FIASTRA T RAFZERMN
Zord, ROTEIIFEAN 72mW,

5.4.2 MOSFET R~

HTHERARERESH, Bk MOS BESERMGTEKILMAR. 7 1-GHz %R
% NMOS B AR BT . ENBRAFHEN SRR LML mE 5-14 Fiw.
MBIFES, gnBlRKHEEERE M, TWHAMRDEENEN, BAERBREBEREKL
LM, gn EMFRHF—ANAERNZ A BHBNGEM, 25 TEEREMRH B
THE, XESHRRGAR. Bl g. MK, MBRERENEERFEENRT
THEHE, KR HAERERESHESKAN 3 mS, El g REKXT 3 mS #4T

GZ# PMOS fE#R4 3-mS UL LB ). WE 5-14 FEH, BKUNIZAT 40.
B E—YWmmasg R, WE5-12 F5H NMOS BERKHTE 80~90 Z /A, RGBERER
NOHIBLREA . 4 T BN FRIIRS B U R EAER AR, NMOS 5 PMOS #1855
L%, BTETFIBRETNIBEZHAREN 41, FTURETCMNHEKLN 1:4.
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KR M EFRY

¢

B N
#H e AN
& .
100+ ~N.
~.
= ) © © 80 100
W/ Lt
(b) AtEeH

5-14 BS. HRGARFHRAERKEORR

o - mEm
o MEBES ‘
B4
& 1.5
g " / L)
24 // /"_/: 42
g
0 °’/‘.’/°’/T/° ‘ °
° P © ® 0 100
W/ Leg
Q) REBASMEES
543 E#RER

R HNFES BRENEEE R MIM EAFBMK, BENERET E—FH
A HT. IWE 5-11 183 87 5-nH MHEH B/ NIARAIRR A, R ARR A AE
W 2pF Ef. ELEEPIR SnH EANBE, BRRIEREEEN QHEBKR. X
AR, ERMRESRANGRE 0 EHARAANEK 0 HE®. WE Vco
IR SRt R ZL R, AT U — NSRRI 0 L BOR B M Sz s,
MHE TSR, SR THERE, ARTREER QE. ARTEATLEE
hELSBEE, BHENSBLRE 30 pm, £BLIAE 3 pm, HENRZ 150 pm, EH 3.
& 5-15 25 B R ) B R TE 5.4 GHz, & 12 GHz BB KK Q1H, Zk 10,
BRBMESN 4.5 nH, B TFHREBRERNRESLTH, il REEE 5nH.

F/E{E / nH

& & b b4 oo
PP S

12

» o = 3 8
batata.

" H#GHz
(a) B/BME

e

7 #)GHz

() SBFEE

5-15 ZSXFRRBHNBES RHREK

BT ZHEEW Cro/Cnin ELEZW IR ETEE SHARE, BN EEE SHELEA
R—XFE. Bit, EHLEREEXRPBECET, BINTUSEREH Crad/Crins B
B PR R Ik 7 28 A R BB R PARARAIG S . T MIM AR IMA BRI/ TR EY
WH, BETHERS, TATNEETEE 1.6~32pF, ERfFHEMRmE 5-16 Fiw.



% 5% CMOS vCO it it

/.,.—l—'--.

164 »—e

40 OB 08 04 02 00 02 04 08 08 10
BHSEE/V
B 5-16 REBEEEFHENME

544 BAEEEEAR

B TRBREXTIAGIMNSES, BkaRiPRAEFHRORE, MERAHE
WMELH. B 5-13 5 Ly C; M Ly CARBEMEIRTE 200 RSN, —HHE
BRI R RIS, PR EIR F RAN KIE S BB A, H—HE
BES R AL AR S E ARG S XEXRBENSRERERFRRFELEER
AERKEE, SBREE 15 um, £BLIAME 2 um, BEHENR 36 um, FEH 1.25. £F
MRGRETHSEAHRRMET, 2B G 75 IR I8 5 48 TN 1 1% 7 JE 0% P 4% 9 %
BHMOIREFERATIR, SR WA 5-17 FiR. ABFATL, R 200 B S IEE M%/E,
HARERET 5dB £h.

50+
<07 —— EREMNE
o~ T —o— FHEHEM%
< ]
S «
'IE\ -100 -
# -110~
o
E -120 4
+130 4
o % 10k 100 ™
%R / Hz

B 5-17 R EF RS RIEE

545 MBI
BRERITEBNERF R EBEFREREEN—, RERH TR ESRANE
Wi PEEE . MERARERITSHRER, #TRBRNEHE, TUEREROBI GRS
ftEEe, REREBRITPATRDON—F. HTEQHRANEREH, BRREMNK
TR, BRTREEHER. ERRESHSNTES, EFERRER, REMARZE
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RRTAE LA
RENERERS, BEhohamk. dTaERSWEEMR, ERAXMRAR, ELAEEL
BRI RERAR. 5T agRIEI e, wismERILEANCR S, L
==, AHBROARER, URENHREY. T ARxAE, B#ITEL. F—
HARGESR RIAHE, R EERAHER, WERA TR E AL PL i s R
REFHIE. BRXFEHSIHTF S FITHKESR, FEFERN. BOFESHO—FT
FRRBULXESBRELEAANERBE, [FIHE DBz,

A R B B S AT AR EHE A BRI, SEE SRR,
HEREFEMLE. SHESRERARE, BEitZnEMRHESRITHLER, TU
MEANBRERIE . B350, RS RE BT ANRA RS0, W
gl LR H PGSGSGP -4 #REr, 1RALEM 75 umX 75 pm &, Ll NEAR, [E)9E
A 150 pm. BAGERER N, HRLHZRIAUFA, RAMR 75 pmX75 pm f§
HEREH. SHBAMAE 518 Bir. EARRABHSE: VoMV, Bil{EShE
WS, A OP fl ON, HEhaftuR. B (REER) MHA 1.1x0.7 mm’.

B 5-18 A EHERGH RN
5.4.6 {HEAMPRLER

VCO 5 4 FH TSMC 0.18um 1P6M CMOS L2 5CH, fF Mk HRE MK & s
ST &R EXd VCO i A TR, 76 1.8V BIRHRET, MEREHAEN 8.8 mA,
KPR H B 4.3 mA. HBEMEE G M AR RnE 5-19 Fra. #l

REBRRG P EE FTEE 1150~1210 MHz, iERFHHE 1170~1238 MHz, I F&H4ES
W, WREE IR T T K4 30 MHz.

1240 —— {FHER
1230 4
-] T HRAR
g 12104
- |m_
%“W-
8 11004
B i
1180 o
1150
‘m-nz 00 02 04 06 08 10 12 14 1§ 18 20
e LN

& 5-19 VCO R4k ik
RRETEHA R TE, HLREETHESEHR, £REBRTHES-20, NE
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% 5 ¥ CMOS VCO Kibikit
TEHTELEREHELREBARE. T HHEIEPFESEM SBEEHELER
[B)% 4-dB BIfR=.

) —— HEGR
—— RS %
2]
S o]
#,
0K 120
L
g 1404
160 <y ¥ T T T
1 10K 100K ™ 1M
BERY / He

5-20 MRRLR AR H SRS R

HHERPE/YT & T EGSHEX RS, 5 TRS-1, ARFEHMOS
BHERARE SRERNEERY, CAAMEAER AR K. T1RRER A6
BRENEEAHE, RASTR 10kHz S84 THUERER U KiK. E-EMTEH
TSMC T ZFEH # NMOS 1 PMOS @B R 1/ A5 AMELTE 10 kHz Bl k. dk
BR, AR 1 BARRNH RS TR 1/ REHAFE, diT MOS Wik
TRFEREERRAER, FmR/MeE BRIk — SRR R ERE R %,

5.1 MRS IRXARGL YR AR B R LL A

ppenm | NMOS | PMOS 4 vios | emos
" W | WERR , N
# Y53 R
e 8 g | PURBRAT | ARG
R P U R L
, TSR 22x10% | 5.82x10% | 537x10% | 9.86x10™ | 1.94x107'6
(A7Hz)
R A IR 5 R AR MR S
-91.7 -88.1 -89.5 -93.6 -136.7
(dBc/Hz@10 kHz)

VCO iyt 45 RARGL R A AL R4 5 T 5-21 ME 5-22. W13 S0QBAH
LR ThE-3 dBm. AH4A7%: 5 %-89 dBc/Hz@10 kHz F1-112 dBe/Hz@100 kHz.
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RARF WL FRT

% Aglent 15:54:29 fpr 19, 2087 | Peak Search
Mirl 1.186 Hz| f
Ref 18 dBm _ WAttenz8d8 00000 -3852dBa] Next Peak
>amD | ]
log | ) | —— -
10 | @
& | i Next Pk Right
[ System, Alignments, Align All Now, Needed| LK
I' .| Moas lJn:aII |
| ] |I B Next Pk Left
Marker- . L L EEAN
1186180000 GHz | | s
LgAv | -3.852 dBm | | |
199 | ! o j :
W 52| 1l | E
$3 Fcl | ] |‘ [ Pk-PkSearchl
AL | s
£ | {11 |
FTun | f A Mkr 5 CF
B . Rt |
Comer LI B0 Spwn 30 W Yk
Res BH 270 kHz VBH 278 kiz  #Sweep 11.16 ms (601 pts) Bt wor el
Fraquency Reference Unlock

Bl 5-21 %5 R 12 4 i 4% 4 th 4030

Carrier PoWer -3.25 dBm Atten 0.00 dB Mkr1 10.0000 kHz
Ref -85{.0dBc/Hz : -89.51 dBc/Hz
680 & [ T 11T T [ T1m—]
dB/ i
e = o N T
=T
——
i 1111 | “"‘r-.___‘_‘__c‘
18kHz ~ Frequency Offset ' 10 MHz|
Marker Trace Type X Axis Value
i 2 Spot Freq 19 kHz -89,.61 dBc/Hz
2 2 Spot Freq 188 kHz -142 .41 dBe/F
3 2 Spot Freq i MHz -133.97 dBc/Hz |
4 2 Spot Freg 19 MH=z -148.86 dBc/Hz

B 5-22 F R R G HACLRAE

R 52 A LB SIE/VFRRMN VCO MIIMAMRMILE, TLUEHAXS
BEAARGLMR ST REIR T HeAth s B

& 5-2 VCO R At e LB
Ref Process fo/GHz Phase Noise@10 kHz/(dBc/Hz)
[10] 0.35 um CMOS 1.1 -85
[11] 0.35 um CMOS 1 -89
[12] 0.35 um CMOS 1.08 -85
[13] 0.18 um CMOS 0.5 -87.4
This work 0.18 pum CMOS 1.18 -89

55 BHEESRY S

1268~2080-MHz T He #2# 3% 28 7€ 1184-MHz %45 IR i iR % 2 MO0 AL 288 BV
FFRBAMSITRE, HEREHmmE 5-23 Fir. REBELLBRBEHWBREFERR
HRBABE, RRAENFOARBERMEEREZAEET AE. HHBEHNERA
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3% 5% CMOS VCO Rkt
RN, (RS RPBRIEAEUH RIESENEE FIFAERMEE. hFE
HEEE, ENEAENEABEDEAS, Mt KN EENES TGRS, Fik
FRFFRBAREFIM %, B GRS EREMAT R # B AR MRS A
BB, SMIRNEIERE RV RGHE, B R FANNMFXEE, ERARNA
B I6 FHEAFR, BRHBIH 16 B, INHEFSLE MR, XHEITISERE
BRI RS,

P N P N
=G
s R Lz R,‘ Cﬂ‘[' swz ‘LCM C _I_ SW4 'I’Ca
SR 3 U
1 ME”_-><_“LJM‘ f M }—Tk;—i e M ER:——‘{ e
M,P[ it it Ms 3 3
> | ] !
S b L N S
@ | vAR, VAR, | | G
M, :I . %—] d Ms P N P N
M — M ol san Lo, ol sav; Le
v Lié L, Mg, }';;“—l Mz, Mss }‘1;::'_“{ %;m
- -
L

523 RiERRY &0 E

551 FFRBFRIT

EREEBENEETERERSS2M0MR, % 4.5 nH, BEESBREEE 0.55~1.15
pF. FAREARAZHHNEN MIM BALHM, AAENTEHUTARKEE
1
min = (5-32)
20\ L(C, ey + (2" =1)C +C,,.,)

1

(5-33)
2n\[L(cm +(2"-1)

e Cc,

C+Cy

HF C AR MM A, Cs HFF% MOS BREFEBE, HFEHEL 4, Cn b
ENTEFERE, WEBE Cun KAH 1 pF. S FRIGHE 1.2 GHz, RALR(5-32)
BEF X MIM AL 0.4 pF, X B & 2.1 GHz, RALAR(5-33)8F MOS Rk
47 80 fF.

FREBWEZE, SZHEN MOS EEAF#ER, HRIE—ERE. MR
Rtigh, @ERFERETHAETETRENSRE; WRRTITX, EXEH
HESHRAKNTFERE., BAERESXENAAENHROE 524 fix. Bhm
EERREE MIM AN 0.95 pF i, HAHREEEKHLERN. TUSH MOSER
KHIERE 60~80 BHESHER. X4 MIM MM, MESRALSER, ZHME
MOS BERYHMRE, 4 MM B/, LB ALER, X MOS &R TEgH
P BZXTFE—MFXRER, FEFIHEARISHEEL MOS FR.
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EHEE/V

B 525 4 BURRHFEf S
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% 5% CMOS VCO Rkt

B RS SR ERETRS 220, FA PGSGSGP HI-tHRHHE At . B
RIS AGCHEN. GHERERES S RE R BB AR ZE TR,
FE18-VEESET, ERSEA20mA, XPRGZBHA 8.8 mA. 50Q5 & LB mH
H T %-8 dBm. FIAXEERXA Agilent F4440A $TUE (XA Agilent 86100A R 2FR, B
PMRI8-1.3TR HLfEftd ., A G IER TH, B 5-27 FME 528 75 ARNBHEERE
MMM AR, WE 527 FH, WHRABRIMHETEE 1173~1900 MHz, 5{E
ZRHL, BMIBRTYH, S5%85i% TR 300 MHz, KRME TR 60 MHz, MEEE
BEbLEE, GHALEAEREBRAERE LRBFERESIE. BRARAHEELSEE
FEREMER, BRTHRE LR, BEENRTE. SRERAL, KiRfiRiE
BB, BmMEE 180 MHz, RITPEFENFEREMRAEZRFRE, FHER
AR RMETE, XRHFRIINETRT, ABRGMBESFRAEATEFXBE
AT/, ERUE BRI S . PR A A% A ({H % -83 dBc/Hz@10 kHz #1-99
dBc/Hz@100 kHz, S®RITBEHFE/LANH TR, FENBRMMEERER-89
dBc/Hz@10 kHz F1-110 dBc/Hz@100 kHz. RRAGREMGELEREHIE 10 4 THI T,

1900 ]
1850
18007 /l_‘-——'
17505
bt /"”b’*—“
1650
1600
1550
1500
1450 .—WW
1400 .__,,_,4,—'*"""—‘_—_‘
0] .._——a—""""—’*_—.——,‘
w]
1250 WM‘_‘—J
120)1 x:x:j::;j:j::j
1150 U v T v Ty T Y T J
02 00 02 04 08 08 10 12 14 18 18 20

BHRE/V

R K / MHz

5-27 EiRFr iR RS R

ICarrier Power -11.04 dBm Atten 0.60 dB8  Mkr4 1.00000 Mz
gesfa—S&QGdBc/Hz -112.46 dBe/Hz

dB/

N—
Ty
e —
3

PN
N

i

J

1 kHz Frequency 0ffset 1 MHz
Marker Trace Type X fAxis Value
1 2 Spot freq 4 kHz -74.26 dBc/Hz
2 2 Spot Freq 10 kHz -83.20 dBo/Hz
3 2 Spot Freg 400 kHz -99,22 dBo/Hz
4 2 Spot Freq 4 MHz ~442.46 dBo/Hz

B 5-28 ARAIRRAETNAG R
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. BT REERPESEEBRY ROMAIERET, HERTERIRHITEX.
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E6H SiGe TZHRIFE

WeE SiGe TEIRFHH

AZEN A 0.35-um SiGe L &%+ Colpitts #&% 28, NAF ISM (Industrial Scientific
and Medical) EBRMEB RS, RHGME 340~400 MHz, FELIHEE-91 dBc/Hz@10 kHz.
FHREIEN AR TIURE: Colpitts 5% 4 AIFIALBES 247, 3T Colpitts IR 28
A E AT TR T

6.1 HE&

EREFRERIEATREARNERABHEERSE, HIEARAPHERET
&iEE WMILRAES, BERARAENE. HTERBEREASSEN ARG, 4
FEDHRE. (REMEA ST, JA AN Z NSNS A, ESVEEIEEEEERNER,
HEENATEABIRERAEDHERRENSIMASY, TERBEBUFHIIINE
BA. A& BRZEWIMEZFHMEET). &k, KF. BhH. RUSHEML.
WA, BELRFHIRE, HA. UFE. OVEFHEAT S ViEEkREEERER.
REME TN E, UL AXNERRENENERRE. ERENEREHE—B
(TR RANEY, FNERSTABEHANERNS. ERANUEFBERATER
gy, EAMERAREIITLLER VPN SHALRERMNE, HLH—ENREHE
RIEML S Z b e,

BEHSSDHFHRE, BUFHIT. VR BHAEREM TR M ZHE
1. 2008 IR RES. 2010 £ EEHELENERABEFERARETREN
BER, R REEN “0.11” EHAERE 2003 £ “JEH” FTLE, BEMET AMITE
RBHEFEMRFEBENER, MARTENELERREANSHEHTHEEAERN
R,

AEEHRHA AMS A5 0.35-pm SiGe T E & —/N 43 Colpitts #7558, M
THREBFERE, BEGHWE 6-1 fim. BREDRERE, HBBEL, EEED),
D;, HPH R, MREARE C IR,

! Vec
o
]
Ry
G - 4 M,
>R
T @ i
C
%5 Dy : =GC _“4
Vet < ! out
o SRy |
i
1
¥ D ': TC1 L ?’RZ "{ M,
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1
!

B 6-1 Colpitts R %2 B E
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FREREHLEMEBX
MR T/ELE 400 MHz T, TEZKHBBNEAEHWRERE. FLot
RABXERKIEBE, FTURBAT RS, P LA L, BEMBE, L% 30 nH,
R RiE B, (HEMEHE O % 20. Ly % 300 nH, FAHIEHE. D, #1 D, ¥H
Panasonic » B &XAH, 5 MA2S376, RAMELE 0~3.3V ZiA], ZBETEE 24~7 pF.
HBT =% Q MEE C, C;REAMEIMLERBENEERE. HZRNBEET M 0
Mo # s R AB 3% FH4E VCO B4R .

BT L BK, ENREE D). D BREFHN IR L, 5BE C. G
ARERE . SREBMTER

1
20C,

AP LREREE, CREFEFHHENH. HFE=FNAME, REHE

L=1- )

(6-2)

Ko C RiBERESRE
.66 .
¢= C +C, 3
FHREE=ZEANE, EXnREESERNEESERE

G

= 6-4
"TC G, €49

Bk E B AT LLABE KRR
A=2I, R (1-n)
=I,R (1-n)
AR BREERY RBERE, has RRERA, HEREHERIEE, R ZERESX

FECHME. (FEBITEMEL R 150 Q, MEBM 10 mA, EHBIERERE
1.5V,

BT RE PR A @B RRRE D, M1 D) BIINERHERTHE 6-2().
Hp RAAREREHFARM, LATIZHRE, CRHKEE, C,ETREE. XAE
AT L& TR E

(6-5)

C.
C=—o-°__
Y o(+v, /07y
KA Va RIRGHRESBE. Co £ 0 BEMENNEE. x RAUSHER.

BRUMAOTEERS RIRENBFHEEALE, B hEBaB83 G x.
B 6-20)RRAEENRAS M. BTSN 8RB PR R I 5E,
o A A AR AR R R A BRI, RARMNBR O RGROFARESET
B, MAFEERETRGBNHEAETEH, REAR(6-6)FHSHEIEHF £
LMK RES. RGBOEHBE 0~33V, UEREBAEXITEEZA. B 6-2b)i%k
PERKISER Cjo=24 pF 1 x=0.68.

(6-6)
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o] - BEEHEE

z —o— BB AEE
R Cy T Lg I-g_n
7'" l gz 18
o~ .EJ 14 4
12
i “%
Cp 34
8

H 1 2 3 H
BHEE/V
(a) BAEHREY (b) BRI R

Bl 62 REENHEHREAREHE

6.2 HfLESH

AR EMTIRAZENZRER. 5 MOS BB ERGBFARMNE, WEkEEE
EYR AR A EEAR B PE AR A X ARG R S T KR . T TR B F A TR R e ok
BT EMTHEER TR EF M MOS BFR .

6.2.1 /MEESRART

S Colpitts 3735 BB/ ME SR A% M T T & 6-3. TEMA B A ERBRE
RARARA L, SERERERRA ], ERAEARED . BT ERERINERS
WA, BTLEX B 2R,

-2
Th /N
N\ !
V‘ank AAA Aﬁ

==C;

IR NOY: -
R
<

18 6-3 Colpitts IR F 2P IS IE
5 —&RE, XTHAREORITTERSE U KEHELRSE, FROARY
1010 T 218\ o100 T B2/8F
L(Aw)-lOlog{q; 2Aw2]_1010g(C2A2 Zsz) ©7)

Kb CRYAMA, 4 RERBRIE 7 BFGEEREERE, Tm Y% ISF R
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REREMLEIIBX

RIBHR.
X IR G REEVIEAEAL, R BEREATLRT Y
Vi =—Acosg | 6-8)

REAAEMREB ., A EARGSHTEX. BEL V. £ Vak ZRESEREN, B
WENRHAL

V.($) =—(1~n)Acos(¢) (6-9)
XHBIEAE BE SN RE
vge (@) = —~nd cos(4) (6-10)
%
4 =nd ©1)
X Vor R GUHEER-RIURERLEHRE, L(HTURTH
Vot coN9)
L@)=Ie " (6-12)
Hep LRERERMBWARTE, rrEREE (@ REFHE),
V.=kT/q (6-13)
HARGEBROERSTESTRE BN s, Vee TN THEX R
1 1 e
Tous = [ [_Ic(¢)d¢ =0 Ll,e T d¢ (6-14)
FH2(6-14) IR T FI B IE 955 —2K Bessel B UR Bo()&R 7Y, Bo()E N
B (x)= % f "™ cos(mt)dt 6-15)

Hp m 2 Bu(x)FIB 8. 2 m=0, R(6-14)IE b FE E A1 TR 5 —2 Bessel &3 Bo(dve/ V7)o
X

a,=A4_1V, (6-16)
EE6-140TF
Y V
Iy =IseVT 'Bo('f,iJ=I-eVT *By(a,) (6-17)
T
f(6-17)83)
1 BIAS -
Ve = ln(mJVT (6-18)
S A M 1 B A R R AR 1,
1 1 Vag + A cos(d)
L=—[ LPcospdp=—[Le " cos(p)dp (6-19)
Tt T

BIRNA(6-15), BIEET m=1 #915 IE Bessel EBHUN FH T(6-19), ¥ FBHEE
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6% SiGe TERES

¥ Bl e
I, =21e"™"" . B(a,)=2Iy,s E.%}) (6-20)
EEFERT afBK, 2R(6-201bN [2hns, XHE=BMNER—H.
6.2.2 EIRBEMEESIARBALGE
HETHE I IRE S BNEMAES, R,ATENBERFBRIETEN
zR =4kTAf I R, (6-21)
£ 5 R, FERAINLE FERIEEA — BT EAQ M BT, %li@m%ﬁﬂéﬁﬁ B ERRL
AV, =AQIC (6-22)
B C REREEE, HARG3)EX. HXM3418E5 R, HXH ISF
I (§)=sin(¢)/N (6-23)
S FAERMPIRBBELD, N=1. BHRBIL .
[ =— f HOUES ©6-24)
ﬂ’\it(G 21)#(6- 24)&)\(6-7)?%111%%5&’&%%lﬂmtﬁuﬂ;ﬁﬁ@tﬁiﬁﬁ
kT
LR (Aa)) = }Olog[c—zm:} (6-25)

623 SRR IR HEIE S| A R
FEHEE SRR MR AT A ARRIRR. SRR A S
i =2q1.0f (6-26)
BT RAPRERAE, EEER ISF RNSAHE R ISF B T HENEAS
[ (¢)=T(g)a(s) 627
Kb a(ya TRAREGBRE. A0 272 WX ISF. 727 BALE RERE

BAEANBAAQ FIRHEREY A ERK
AV, =AQ/C, (6-28)

ER AV, =40/C (622t 5m3E"

Lo BV p Alep _(1_nr, = 1-n)sin(@) (6-29)

I, AV  ° AW
THWE a(g), RI\R6-12)s (6-26)F1(6-27)1FF
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Vap:+ Ave coM(#) Ve Awcos(d) T3

&

#ZaH(6-18), BX

M (6-29)F1(6-32)75 3
Few(@) = %% (1- n)sin(g)
RLERGH .
1 gy 1 po :
D =5 [ o @ = (e (1=n)’sin’ (§)dg

_(l—n)2 * , congy 1—C0S(24)
T f ¢ 2 9

4

-6 _2n)2 [8,(@.) - B,(a,)]
HI15 IF Bessel & $R AR
B,(x)~ B,(x)=2B,(x)/x
H(6-34)FT AL T A
2
Ty = @ --n)aeBl (a,)
R

2 Bi(a) 2kT Iy,

i20 Tetirms = (1=1) B
T 0\*e
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1-n kT
L (Aw)= IOIOg{—z—;‘mJ (6-39)
H(6-25)F1(6-39) T AL &K, BRIEIRIETFEE AR B B AL R 5 R M AL
REE A
1+n kT
Ly (Aw)= lOlog{ o LA R,] (6-40)
HIER(6-5), AR n R, B LA nHBHER, WTLRER(6-40)F 5 n KR
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f(n) = 2n(1 _n)z (6'41)

RERH n=028 i, R(6-41)yER/NME, XHR(640)RTIIMHMLRERD. FHEATU
EHBMEAT, EREAEEMSEBRERRESRIHEMEEHESR 1:1.3.
e AR L INE 6-4 Fin, ATLAE HX T RERFEME SR BRBRRAET
=, nBETE 02 304 26, RHGBFHABFHBELERS.

™

L L i ]
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ENBEAQ, FIRMBERMAY. TROIIKFLEN, 5 Ry B — bkt [ =
FBEAHEAQ(HM BRI, SIRiEREEE C LHRBEAVI=AQP)/C, EAHE
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REAEMEEERY
AQ,(#)=AV,(9)-C (6-43)

ATHETE, REEPNFEBERZET; BRIRZEERMEBRZ MARE
Co, WM. ENBRENFEFFTHE, NBREAGRRERM. EHE =1 1
IFEET ro BTRBFIKITAQ, CoILBIFRERE] Ve=AQ/Co. M t=toFFUh, Va(r)BERTEZEIL

L/ )
Va(®)=(AQ/Cyle * (6-44)

Hpr=r,Ca £ rnCp MEMNRAIES. 24 Cs BN, dZZMTHREGEH, Va@)
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