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Abstract

The rapidly progress on wireless-communication and CMOS technology
makes more and more radio frequency (RF) systems integrated in a
System-On-a-Chip (SOC) to be possible. One of them is the RF TV tuner for
digital High-Definition Television (HDTV). With the development of digital TV
industry, the TV tuner system has gained widely attention and deeply research.

As an important part of the frequency synthesizer, Voltage-Controlled
Oscillator (VCO) is one of the critical circuits in TV tuner system. This work
focuses on the wideband LC VCO design for TV tuner application, including
circuit theory analysis, chip implement and measurement.

Firstly, a double-conversion low-IF TV tuner system architecture is
presented, from which the wideband VCO specification is derived. And the
base LC-VCO architecture is researched, theory analysis of the power, phase
noise and tuning gain are presented in detailed.

Secondly, the wideband VCO design and optimize methodology is
presented. Based on the theory analysis, a relationship between the wide
frequency range and tuning gain is researched.

The design of fully-differential wideband VCO with stable tuning gain is the
principal part of this paper. A switched varactor array in a single-inductor VCO
is proposed to suppress the tuning gain (KVCO) fluctuation. By choosing the
unit varactor of the array carefully, the KVCO variation can be significantly
reduced.

Finally, the chip design and measurement results are presented. The chip
achieves good performance in the required frequency band, and can be satisfy
the TV tuner application.

Key Words: Wide-Band LC Voltage-Controlled Oscillator, Tuning Gain, TV
tuner, on-chip inductor
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B 3. 1(a) Bt AR L (b) B EE N T8 )a 1 4R

WRIE S TR, TR R IR Ay, R R U O
EHAT R B TAERE Al AR AR RSO0 K, Al A U2 (1 e R AE A e/ ME IR LA
e E Mo DI BT R A T A e g i I i % RE R A AR i m] LA 45 2
HFE LR L AT Z 8 (PR FUIR IR AR R/ Lo A i AR ) s ml A% B A de K
Cornax (MR 1AL HEL ARG B 5 FLdRe/IMEL Conin) FHZE 70 X8 1 W8 B2 W(HR & S5 R0 1
BHKRANe T /N e AL A A P, 22 0 A8 (RGBS L — B e /N2 )IX LA
SH. MRIEIRG A MPERETE bR, X T AR, Flm h AR 7 i v Bl 20 5 B
R, ARPEA(2.1) 17

L osut,, (3.1)
I‘OCmin

L (3.2)
I‘OCmax

Wmax 5 Wemin 73 BHE F R 1) fe iy 55 e R . X R %A, Ik
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SR A IR A B S

o A E g 8 i 2 /D K S i N 5 o DAGRAIE FELE ] LIRS H[ 1], FE e B an]
OV
gactive > agtank (33)

Foh Qactive WM E S (AT, Grank A IEIERAFE T AN, B LR R 21
P[0 s SR I BRI B . — M a AS/NT 3 A BEARAIE FL 1 E R

XPTHRGIMEEE i o (R PR 22> SR T4 % 55 /ME Vimin:
LTIV (3.4)
Gtank

PRt AR RS, EDFE— @ T OLR, R 2 IR 2Kk LA
5 AR L2203 W8 5 B (Cmax-W) R R B B SR, Wil 3.1(a). SRAALTE
B ((3.1), (B2)ERIFFAMZE R T trl, tr2 Wides, WidEmissd 2 MX g,
HEL 25 (1) HOU AL R 8 v I I 2 7 a VTR 2ok . (B.3) vk JB sh 4k, e PRI A
Start-up £k, 7EH AL, BIZE 708 S0 2 5 B4R, HLER A B IE W YR . Tank
amplitude ZeK/RYR IR EEEK, BN TIXSRET, 3 M B 2 2K
PRI, B DI s 2 T ATRSAT NI Crax A1 W SHUEH . — AR
JEIEE Q EE KN RS, P E FA BN 22 7006 8 i JE

X A A R ) s P R 4 5, a0 Rk e FUBME AN, T
R, R ERBRS0 B, RNV Crax-W Bl BRI R A
tr1 Zein) RS, 1 tr2 Ziin) RS XA SRR Q (HEOR I HUBIN, B X A
AIREANAEAE, BUAAEAE W 2 P A TR bR I RZ 45 (K] 3.1(b))e 980/ HL A AT AT tr
F#, 2 KT, A RNE 3.1(@) PR . (HFFEE R, 1500 FLBE ) [
i, Start-up &M A7), Tank amplitude Zell &) M, SRS
INFFZ . XA, W AT AR AT AN I 1 14 K T AE SR AR S 91 4 2E R e e i B2
Ko B, BEAE DA o Y0 RO v, DhAE, UK AESE S8 A AR
(S

V,

tank

3.2 ThEmItiil
WHE 2R —F R, R R s LARAE i S PRI BRI, AT
Vtank = \’ZE% = \Y 2Etankl‘tank wO (35)

R, TR IR g e R S AR AR H S S IR, DR AR L S 32 R X
BRIN, RERATACRMIR DY, e A e A v g . PRARIRES 2 IS iRz o L
VEAE LI S2 R DR HE T 32 IR DR 95 i Ak, IR s e 88 1 Bk B B KfE . MA(3.5)
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HEE AR IR A B 5O

AHTE AR AZ PR DX iR e 1 2 S s MR R LE 2] o X T 981 e i
KL, PGIF wo RATEFIR K . BB o foe s R e R (w1, A
DIREAZIINE UL T, Pz AR B AR (0 9 0 M A B i RS N ) 0 22—, i
HH I 7 e R AR AL 2ty oK LR i) i
. AEARA AR, e I A R BE IR AN B R B TIE A BERS ik
B B R e AR A BEAROR, o sz s ) Je 8 WL B R E T A S
e 730 (AN P AN AR 32 1) T3z o (V0 A S s TR (R 6k
38 25 52 A5 5 B 5
= AARHEIAE a&%%}ﬁ Bl AR A A2 A

vow4EE}—ocm

3.2 & MOS B A& % (IMOS)

Cv A Cmax

>

Cmin

-
»

VctrI'Vo

K| 3.3 IMOS 1] 45 B %%

\ 4

Kl 3.4 ANFI R K4 B

LU NMOS & (Inversion MOS)nJ AL R, 71 k45 dez 4 it i, H
YA FLs Ve 7251 NMOS 87 (U5 I 99 s , B A2 42 37 s an H i Vo, IXFE NMOS
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SR A IR A B S

Bk UL T R R FE R X . [ 7 NMOS AJ 45 75 () g5 i dn 1] 3.2, LA
BRHEKR(C-V) g 3.3, Kk, fERG I NG AN, A%
A B S R 5 15 S AE AR [3] . T SR 35 PR s 1) i e AR 4k, £
P EARIIEOL T, IRG 4 M AR RS R BN (E 3.4),

H(3.5) A, A5 TR SO (1 5] I Lk T (Erank) B 2 2240 1] LLLE 3R %
R BEORFERS O o H AT V2R H (W 7 322 R T 56 3 il A s U5 rEL I 19 KD,
PN RN P T ORI K FLLAE iR 7 W IS A AR S IE 7 o SERE— DI K
FH B i 2 45 3K % (Automatic Amplitude Control loop), [ 2 W & 3 i FE 1)
Ak, R AR R R A S FEL IR R T O o B T e X PP RE S AR U
S e I R B, ARk ST TR IN T SR ISR, DAL 75 2 R A s A 1k
T FLIXFEAROAE S T AE IR I T AAN e g, DRI AR e 75 AT — s
.

Kl 3.5 2 —FRH B iR BRI IR G 25 4], R a4 B4R o I B 1 e bl
Peak detector £, 2R J5F1— NS P Ve HEATHUEE,  FAR B 45 bl N £
B2 S SNED ot )| WA i N I T T e ISR el I LS 2 SO i R |
HES G W IR Vrer AT LAJT (5 (R4 140 35 TR KN 6

VCO Core
Comparator
P1
L Peak
VP2 Detector
Vref—— DAC
Digital state
machine

Bl 3.5 K Sl B2 IR s 1) P i o
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HEE AR IR A B 5O

3.3 FHALRR S FIpLAL

R Hajimiri 32 2 PERIAL I ASBERI[5], ] LA 3 B W3 2 1 1/62 A1
PIMEFE G

M2 2/Af
L{Aw} =10l —ms _n__ 3.6

AT Bk R R BT () T3 TR, AR B ORI RIAF Jy
HEBERE . Qax M ISR LA AR (R K A . £
qmax = Cvtank = Vtank/(Ltankwg) (37)
BT E V5 MOS 484 1 IR J51 FELIAT I 7 by S AN 95 5 11 7 1) S Sy, % T
R EANE S IR SRR, MR N AR R A -
o/ AF = 2KTY(G0r *+ Geo) (3.8)

Xﬂ‘a:%—ﬁﬁgié—%%/ﬁ:’ ng = 2|ds/(LchanneIEsat) ’ Esat y‘j\/@j\—é—fl’@in EE‘:[:ZJ ° 4%ﬁ(37)(38)
HA(3.6)7, FILIAF3:

2 2 4 2| 2 4 .
L{Aw} =1 0|Og rrmsLtZank;'U() 2kTY( 2|ds,n + ds,p ) oC Ltank(;')oltaﬂ (39)
2A(U Vtank LchanneIEsat,n LchanneIEsat,p Vtank

TR SZ BRI Ak, AR AR TS B0 T 2 H B A [l PR N, A [l e o
KR E,,, = CVan /2 A% TEHERZ BRI, Vi, = Ve IRIFAZ, (3.9) AT
RN :

LeancWolas (1_fimited)
thankwgltail 2Etank
| S (v - limited)

supply
H 1 BLH RTRAOK G, SEHL HUERRE LU R/ n R ZEROK i, A AE Fr L5,
ESJLARRE bR St o LU R ME DIV E Sy G IR AT D NA NN 5 G S T o
HLUIEKFR) LT 4 R I 2 ORIFANAR [ T2 A e i » B wog MR AZAG TR EL AR
T LA AR AL 5 1 AT R AR A T LA AN T o BB w, 132K 1.1GHZz—2GHz,
:
Womax - 26
Womn 1.1G

IR AR A 251 KA 2 R AR AR A o X3 10) R A 71 FELVRSZ PRI,

FHEARAL 55 2 B IE b o H I ] 155 HE 405 35 E S5t i AR IS 1R /62 Wt i LU S AR AR )
(1) 754G 20l0g1.81=5.2dB. K] 3.6 IR T [A]— /N5 3R g AU 6 75 11 B 45

=1.81 (3.11)
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SR A IR A B S

S 2 S L PR 0 T A2 2GHz I AIA R 2k, I 4 SR
U5 9 TAETE 1. 1GHZ IS TOMIRL 5 12k . 76 1MHZ AP 412 6dB, 514145
PRES

Periedic MNoise Response

=: Phose Moise; dBc/Hz, Relative Harmonic = 1

—@@.g i Phase Noise; dBc/Hz, Relative Harmonic = 1

-76.9

—-B6.@

™~
—90.¢
‘\\ N
[l
106
5 M GH
% —114 \‘*\ £L\J Z
~ ™
~120 1AGHz | < 1
N \
—130 ™ .
|
e
—14@ N |
\\-1,
—15@ [~
18K 190K ™ 18M
relative frequency ( Hz )
3.6 1.1GHz 5 2.0GHz HAH{7 M 7= ph 2k
3.4 HRARIE DN VR I 21 A
T HUR LA R IR Aok v, o AR n] AR oA -
1
fz— (3.12)

2L xC
o L o9 e, C 8 2R 37 i S5 U I IR R A . B E AR,

PR 25 Kveo BV A -1 Fi R & th e R, T L3RR (6]
K, = Of _AF AC -1 L AC, (3.13)
AVctrl AC AVctrl 41TXCX VLXC AVctrl

Forft Ve AR S, Cy AR, Ma(B.A2)nF i, X T ILEHky i
KL, AEHUBE AR O N EE R V], e (R PR B O AR
(ARG o 19 R 28 F v 2 5 S DA ) A

o R AR B AU RO, (ER T R 2 ) LY R T R A A ) PR
i, R RV R IR R AL, XA RELACY AVen K. tH3(3.13) I,
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R R IRG A B 5O

PG Kyco IR, I FEBUAHIA AL M %Ak, T 0 2538 A B AN
T R AR 2k AR YR, U AR, R TR 5 AR AL
IRK . B 3.7(a) 27 I — AR MR I e 41035 a1 it £ (F-V i 2R). i 25 ih
2 ARUER, BEAT I R AR, TG 25 T DUIEAE Ky max — HLAZAL 2 (K
3.7(b)).
LnfeT AR 7 5 AR Yo B 04 [ OR RR RS (PR U 0 28 L8 O IR IR ¥ A%
BV — MR H ) )

fa Kvcoa

KV,max

(@) (b)
€1 3.7 (a) AR 2 () VRV HY 5 AH XS U8 L AR Ak

27 3Rk

[11 D. Ham, and A. Hajimiri, “Concepts and method in optimization of
integrated LC VCOs,” IEEE J Solid-State Circuits, vol. 36, pp. 896-909,
June. 2001.

[2] M. Tiebout, “Low-power Low-phase-noise differentially tuned quadrature
VCO design in standard CMOS,” IEEE J. Solid-State Circuits, vol. 36, pp.
1018-1024, July. 2001.

[38] K, “HEHALER &, My iiiess, 2004 44 H 27 H

[4] Axel D. Berny, Ali M. Niknejad and Robert G. Meyer, “A 1.8-GHz LC VCO
With 1.3-GHz Tuning Range and Digital Amplitude Calibration,” IEEE J.
Solid-State Circuits, vol. 40, no. 4, April 2005.

[5] A. Hajimiri and T. H. Lee, “A general theory of phase noise in electrical
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oscillators,” |IEEE J. Solid-State Circuits, vol. 33, pp. 179-194,Feb. 1998.

[6] Dries Hauspie, Eun-Chul Park and Jan Craninckx, “Wideband VCO With
Simultaneous Switching of Frequency Band, Active Core, and Varactor
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20



DU IR s R

BE FEE KL

MR =Fd i A 2, PURVEERTE, RIS ok, 28
PR K ] S AR EEET T O BRI Y 2 1053, IR 8 T RHDT
ORI AR LB SRS T 1 2 ) IR iR e A o i, ANTFEORT AT /N
a AR BEE VA T S

4.1 AR 28 A7 %

N T BRI RE, N )2 R T T R 56 A R 4 i LA A
e, I IR 7 A TARAE G IE B AT o XA THE A58 e
ekl o BC T LAty I e A S . AR 4.1(a) T, REZk Fyo MR
VIR 2678 5 T AN sEA Y T, LRI s w18 4.1 (b)) B R, Rl I
WL A4, PR A8 AR R ARG T DA 0 B4 2 Kyso TN AK H 43
BOg PR T2, Rty B o AR B 2 il S AS AT, 0 Fua & Fue 78
MRV Hh S o, LRI 28 1) B KB 2 T P2 Kymax(B 4.1(b) TS24 ) FIH
Gy BOFE -8 Py 2 TR AZ 8, W] DM HLE Ve TAEAERH 52 X S8 (118 1th 26 4%
P g B A) DX 8 S st 8 7 il P A RO T JE Tt o A DS X, 1 1S 23 A
Kv,max 22462 Ky mino
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DU IR s R

Kveof

KV,S

KV,max
KV,min

Vctrl
(b)
4.1 (a) P 18 it 2k (Fyo)5 70 BRI 26 (Fyva-Fe) (b)73BOE U1 G 25
(Fvo-Fve)

It A 3 B #5258 B d% i i s AN DR DLAERF— D BUR 1 1
WG, IERT AR R AR . mIE 4.4 WA, TR B, FER
RS 2 5 A i MR VE BRI, RS R ORI . (RIS IR e P P 2 )AL
B, BIEKEOAT, R AR

HRT, AR EREAT 7> BOE #E S BL e i fie i ae e i, #EdnifE CMOS L2
AT =R EUT

T H A s A U i i 0 PR A e RS R BTG, ) DR
R AR SRR SRR Ay BUE#E [1, 2] Wi 4.2, HECF4%65 5 (B0, B1,
B2)#EHIIF G, MM SO A R AL P, P2 (W e A . n AL A5 5 R A
ZHERIBCE R g 5 U5 2Cn] LR AR MR 0 1 20 AN X B 4.3 52 R LI
TS, AT RE MIM A € s, J30y5S B hmi, =
> NMOS & 4aif £, FF P e A R R I IR P1, P20 P IT O 58
HLBELAAAE, TFIC R SR IR il SR AN T MIM 5 R o i i (10 i Jo IR 4
EEERZ B R U R AR R, P DAL o DA R R AR AT AL (HRAS
SNy i () HEAR ity T DS K

o BRI R AR AR (1, R 5y BOE SR ) DOR IS LUK 75X
RSLHB]. B 4.4 EFH T I (Mn3, Mnd)SZBLITT G HUR R . [RIRE,
IR 2 FATR P SRR ol I DR, 6 1T S M IR v 4 (10 B At o IR . XM 7 3
SRR AE T A P U, TAREOR, i LA AS SR
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DU IR s R

T
MpT ]| X |

P1 P2

CVAR VctrI CVAR

| Mn2

H X

K 4.2 “HERIBCE IO R A s A5 e i

ore—] Ei ljl 2

K 4.3 JFocrA 4

2

Vdigital




DU IR s R

VCO Select

<
2
<
S
N
—\

S

£
_a
L
4
|

K 4.5 ARG

=SB 2 A Al I ke g BRIk 4% BE AR o AN TR (1A v
I HARNE 2 AT — A0 o IR K 22 A7 7 T P i i FX) e i LS g 2 4
ke, WG IR el &8 TAE(E 4.5)[4]. XA By S fig 5,
FCPEREA 2 T B i I P (RN s 2 i I IRBUROKR, AR
(BB 73 % 255 B, s B il 255 Ml R R G, 100 v AR
% A AR TEME DL B2 (1 o

EiR =R, RUFSR B g K s B sUscoa e i, S4E i,
BEBRAE R 2 R 36 i s P i s R RE AR S5 4

B TR IRV e A B (K5 2, 3T RN R i (0 5 T2 i
TS RIEA R . WK 4.6, 220 kIR as BAT AN TR HL A A o, S5k
VR P DA A U R (9 22 4B (Vo n-Vetn p)» HEH M-Vop % Vop.e HL AR
HHs )R 15 Y (O 22 Viop) K1, JLUR IS il AT B 2 o I A5 v% i PR ]
B, AHEDRYRY A ) A PR TR P I FL A SR AT 2200 A5
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DU IR s R

Mp1 || [ Mp2

P1 c P2
2Cy 2Cy

I T4 Y
AN 1

2Cy

N|
L

?
:
0000,
Mn1 || >< [ Mn2
=

Vctrl,n o
Vctrl,p o

2Cy

¢
A\

Kl 4.6 22718 i IS )

4.2 VEVEHE a BR324

M PR AR5 B 2 B ) 7595 P AR K ) B AT s 455 4 9 s RO TR 1 2, (EL S
AT A I 2 (S W B T B, BARJRUERn h

BT R R AS B R KIS, B iy s 45 Bl v s 1) A DX ) kg 0 10 b 2 v )
AN IR o BRI, XS TR s, W BEE A L IE R 2 A3 .
H=FHE T, IR Kyco M AR A -
Af Af  AC -1 AC

=——x = —x—— 4.1)
AVctrI AC AVctrl 41TXCX LXC AVctrl

Hob Ven AIERIE, Cy AnASHA. Ha(4. 1) 5, 180 a2 4w
AK o il 0 £ AR N -
AB AA

AK oo =(AXE+BxijAf (4.2)

Kveo =

y
)

-1

A= 4.3
4TrxCx+/LxC 4-3)
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VYR R

g=2C, (4.4)
AV

ctrl

H T AR LA AR VE R A AR, IS (4.4) R 1 B Wl B E . T LA
-

=0 (4.5)
AK o B3R S £ (1A 7] R R -
AK,oo =Bx AA (4.6)
A AT AR RN -
-1 _-Lwg

A= 4.7
4xCx~+LxC 4w (*7)

F130(4.6) AT (4.7) P, TR 2 A W05 MR TS . 4t
RGN, B SR RO LT ) 5], P 4.7 R AN
R T I, R SR T I AU, AR 7
T 1.1GHz % 2GHz HOBI I . TS 3 O R R, T DL
S EUIETIE e SR PRI PN

Periodic Steady State Response |

=: harm=1 freq; pss (Hz »: harm=1 freq; pss (Hz ¢: harm=1 freq; pss (Hz o: harm=1 freq; pss (Hz
2.qp¢ ®+ harm=1freq; pss (Hz a: horm=1 freq; pss (Hz =: harm=1 freq; pss (Hz +: harm=1 freq; pss (Hz

2.806 ¢
1.99G |
1.866G ¢
1.706G ¢

1.68G ¢

( Hz )

1.506G ¢

1.40G

1306 L

1286 ¢

1196 P PRI EPE B . AP |
—90dm —BEIm =300m 0.98 308m 6@0m 9d@m

4.7 KHTFICHL AR PRSI 98 17 I A5 i i U it 2
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DU IR s R

4.3 RAFFR AR HE ARSI 58 H 1% Ik

R B (AP 25 LA 5 D BT IA IR ety 5 LU A AR Az g s P RE 1A fk, L2
S I BEARE o DI T 0 DR BRI PERERSUE , I asdiRag o (1) I 1Y 2 42
RN

AECBE A4 2t £ 2 A PRV B A DR R RS UE AR 3K(4.2) 17 -

AB AA
AK . =| Ax—+Bx— [xAf =0 4.8
VCo ( XAf XAf]x (4.8)
P LA
Axﬁ+8x%= (49)
Af Af

X (4.4)F1:04.7), f:

3 2
'L‘”Oxﬁ+8x('3“"°}=o (4.10)
4  Af
7EHURA AR SO, #2X(4.10) 15 21
AB
-, ~ - =6TIB (4.11)

F T VR HL s Ve FRVE TR 52 P Ay 22 0 H VO R BR ), A B2 iR
W AN, DU P 2 L T T 1 L s 1) 5O P AR FU A R A AV R R E B e HR AR
K(4.4)f:

B= ACV =k(Cvmax _Cvmin) (412)
AVctrl ’ ’
ik A—NHERE f:
A(Cv,max _Cv,min) — 3(Cv,max _Cv,min) (4 13)
Af -f )

H X (4.13) 43, 75 HLBENR 7 8 BE AN AR OO0, SRR F 1 1 25
ASE, 1AL A R 2R IR IR AR A

B BATRR IS 25 10 R 34k 7 2 an 18] 4.8(a), HLK L 5[] e HLZ Cr Ik
e 5P, P2 2 08], SR (-R)H DR R & 2 ae i, I1H FL s (Vo) HH EAFZ
PIASITAR LY, SLARIRAER A P, P2 M AR K/NRA Cye 75 P1, P2 ]
IEIE T IF 55 W 25 % %1 (Switched capacitor array) 156 ] 4% Hi 25 4 471 (Switched
varactor array).

TEORHAEFEFIR T T n AN RN TE 4 B n+1 A4, 15000
FKHE IR/ EEH N a1Ca:02C4:03C,. .. :anCao TR 17w L AEAE 5 e R 1 -1~ 4y
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DU IR s R

I, BT I ORA AT IR, JFRKIR A I, SR IR ek, Jeiz o
) AR AR 2 W AT

AR AR A B O R S T O AR A 5 TR L (Vo) 4% . 24T
RGN, U s ] DL A2 LA s I 0T ORATOT I, 8 e I gz b e, T
K] AL B e AR /ML W] AU RE S 1) Gt 5 205 TF O HL g R B AR 1]
B AR R TGN U B1CyiB2CyiBaCy. .. :BaCy(WI ] 4.8(c)). {7k
s TAEE NI EARFF LA S 1 (=1, 2, ... n+ DR FAIAT I, FFOCHZR MRS 5 ¢
ARSI A RY(-1)AS T HRICIT MG, 0B n AT RIOIT AT,
5 1R ) B5 e e R i max -5 IR AR I i i AT AR IR -

fimax = 4TT2 XLXCO i,min s
! o ]-1/2 (4.14)
fi,min = |:4T|'2 XLX Ctol,i,max]
Horpre
Ctol,i,min = Cf +(a1 +"'+ai-1)Ca +(1+B1 +"'Bn)Cv,min
Ctol,i,max = Cf +(a1 +"'+qi-1)Ca +(1 + B1 +"'Bi-1)Cv,max (415)

+(Bi +"'Bn)Cv,min

Cymax» Cymin 735 4 HLAL W] A2 HIZE Cy (K15 K FE A A B/ UAEL . Jieis 3 4E
CARSE I RN F I RIEYE AR

df _ df dC, _(1+B+..+B.) dC,

Kyeoi = = Y= 4.16
veod chtrI de : chtrI 4T|' LCtoI i3 chtrI ( )
o
Ctol,max = Cf +(G1 +"'+ai-1)Ca +(1+B1 +'"Bi-1)Cv
+(Bi+"'Bn)Cv,min (417)

WA (4.17), WERESFE D EIE RS HE o (i=1,2, - n+1) 50
AL MR LA Bi (=1, 2, -+ n+1), AT LUSENE T 540 i I 55 Kveo,
M. FETH A Z IO, TRLACAIREE G488 H LARAEL L, RFR
T I RS 2h AR AN, LRI AN

28



DU IR s R

MW=
L

W/
< ¢ 21 C,

Switched capacitor
array

Switched varactor
array

(@)

Switched capacitor array

P1

P2

e e e e e e e e e e e e e — — — —— — — —

P1

......................

(c)
4.8 (a) Lindciza i P& (b) JToRH AR 454
(c) TP AL HI 45
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DU IR s R

4.4 HER e HiENE K EoR

HAT, BEA H 2308 2 (0 R G IR GUS SE e v BRI 5K, ol oA v B
PRI 12 08 o AR A W IR RN B, XL TR R 2 A Tl I S S5 2
S BT A H AR R ST TR 8 R ARG H e AT T U sl B
IR TR 1 25 IR

4.4.1 FEHIHBREME R

P1 i ”_{>| IQ—”—’D‘OLO;Y‘O P2
Ve © Cs Cuvnr | Cuiz Co
+—FAHKHE—
J Switched 4

capacitor array

Kl 4.9 HERT S8 RS IR 4
FH -4 AR p HR R A L A e, DRI B AR TV 18 2 T DI ok [] et 1)
R B RN HE AR R ST 4.9)[6]. i A £ 24
f= 1
2Tr\jLeff(CV +CB)
Hrr Cy M AW ZME(Cvrts Cviz), Ce A E HAAE, Les M A AHIEAE -
W4 25 ] LR IR A -

(4.18)

df _ df dC, . df dL
= X + X
dv,, dC, dv, dL, dV

ctrl ctrl ctrl

KVCO =
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DU IR s R

=Kyeoe TKycor (4.19)

MRS R — W HE SR HIE Kvco,c FEEMZ ETHMHER, BRI EER K15 2
Kvco #E , 1] LAk Kyeco, BEAIE LT T B LLHRIH Kvcoc M. 4.9 HHIEH
L2 BT ISR AR A (Cvats Cvaz)o I HLIE Vo M _ETHRF, T
FER AR LAY Cva1 5 Cuoo WK, T3 L2 S50 B IR AU BB/ ok T 1
5 AR A

4.4.2 TR 2N AR Bl 2R

USRS I iRy o (1 s 2 ih 2 R AT ReUe 189 o, L T AR FLZ (1) L - L (C-V)
T HAT e AORUAE, DR I B e ) A rU 2 R i 2 A A R R m 15
BURE 1SS 22 [7] 0
W — MR R R R d Wi 4.10, Co AfEE 7y, Cyoh MOS mJAE
7%, M Cs I LA e 2 ELi il 5 R i T e iR MR o A -
1

f =m (4.20)
Hrp

Crow =2C, +% (4.21)
T SR G U 2 B R FR Vem IR LSET 0, 19

HKyeo - az—fg =0 (4.22)
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