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Abstract

The purpose of the thesis is to research the fully integrated frequency synthesizer suitable for
terrestrial digital video broadcasting (DVB-T) receiver. First, the thesis introduces the specification of
synthesizers for DVB-T and summaries the common analysis methods and structure of synthesizers.
Then, the research focuses on the analysis methods for loop parameters design and noise estimation,
and the test chip of a narrow band synthesizer was manufactured with TSMC 0.25um CMOS
technology to verify the analysis.

In the part of loop parameters design, the influence on loop stability of parameters variations
caused by process, voltage and temperature (PVT) etc is quantitively analyzed. Based on the analysis,
the method of parameters design with stability optimization is proposed.

In the part of noise estimation, the new sampling equivalent noise model for charge pump is
proposed, and the block noise estimation based on the loop parameters or the design specification is
suggested to estimate the whole loop noise.

In the part of circuits design, the practical circuits including innovations are exhaustively
discussed. The improving techniques on the differential charge pump are proposed, and the simple
stability compensation method is also proposed based on the stability analysis. The fully differential
VCO with new switch-varactor is also proposed. The principle and structure for low-noise divider is
also theoretically analyzed and concluded.

Finally, through the simulation and chip test, the proposed parameter design method based on
stability analysis and optimization is verified, and the proposed sampling-equivalent noise model for
charge pump and the method for noise estimation is also verified. Additionally, the novel circuits such
as differential charge pump and VCO are validated.

In general, the thesis discusses the method and complete procedure from system parameter
design to circuits design for frequency synthesizers. At the end of the paper, the optimization method

for noise optimization is discussed, which is the good reference for further research.

Key words: frequency synthesizer, loop stability, phase noise, parameter design, equivalent noise
model, noise estimation, differential charge pump, differential VCO, frequency divider, stability
optimization, stability compensation, noise optimization.
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AT LA AL -

N, rorar ~ LONF “Hpyr 'APAL ‘B WPAL (1'24)

WRESEIAE G ¢ QEF alle,  EaUnrRhsks .
LO,, = NCR—-[10log(n,,, ) +35+10log(BW,,,)]  (1-25)

fEBAT 5 MU IE , BLUUE TE K 9838 % 29 8MHz, NxHT- CNR=27.9+3dB 1
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AT IR 2% (R 1 e, 3k 0 2006 R B FEAT JEABE A3 ATr, ) FH P PR ABE 28 M BT S 4ok
Tl S R ER (R o

BAVEHATZEOT g, O3 THEBER KRBT S8 A TR
PRI PR RS, TEARE PR BTSN b, T B 2D A0 W A I A5 AR 1 S i e
B o X7 1 TAE QAR SCRR1~3] A T — & BT 2H o AFJE A Ffar 28 55 80 A5 Ak o
T, SCHR[1,215R T S5 FH () PRLAar 22 500 bl R 75 RS PR SR AL A 57 F i 252 1) Mg 75 T
Bk, T XA AR BOR 225K, T DA S H R IR PR R e 75 5 5 B 22
BEOR, T SCHR[3 100 58 438 e A7 BLoRAS B H i S H M s, — EL P B S b A e
FOFUIE, JTVE R E B H 5 H B 25 R A OGPER, DR I B (R B R A A Ay
FRMETE o ARG G N AT IR S W S 3L T, 40 BT H FE AT 252 10 SR M 7 6 A5 A0
Mo R 0R T 2 72088 19 2 20PN o FaAer 28 5 DB IR AR IR A e s, R A T
PFREHTHF I SRR VCO 53 Ias AR S, 138 T e S80I Bt —
B ST 75 A T R AN A ) 7V

4.1 WP RER K AR S R B A
FEER B rp, BEORMIR SR A KM B REAT TR 2, el 2.4 O Tk
— A HIRIETUR B P R AR AR, KR 2.4 FOHT AN AL A B 4.1, X LAY I AR AR
PO AN AR A L LM AR I e s o B 4.1 PP A AR S T
O HANZ G N pp EAT
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Charge Pump &

Ref. Phase Detector LPF VCO
Clock i¢ vf P
- PD/CP LPF " wvco [ ,
1
{(— Ker H(s) K, /s °
;1
4
Divider 1N |«

4.1 % G BN

TRk e G VAR

Op: VCO [R5 H S5 ST 7 16 7 5

vt PR IER A I A0 D s e 7

AR 2R R Nk S G SEF
Oo: ER AP ERT A (55 IO A7 16 7 5

P e rs A e e PR I AR Bt O IR SR s 1 e AR RZ M A, IR A

1125 E AT A e P A R 8, MR 5 = R 49 B = IR R S 40n] DLV 540 R,
1) K E S 25 BRI B o L AR ATAE I8 7 A7 A 1) £ 4 A o £

a),f(i+1)
0,(s) _6,(s) _ N @

0.) 0u(s) (2120w stad) S +1)
w

2) K FE A R S AT 8 R 75 PR A% i R K

@} +1)
a)Z

(4-1)

H,(s)=

g,(s) N
L) Ko (224200 s+ 0?)( S +1)
w

p3

(4-2)

H,(s)=

3) K [ PG I A 1 M 7 (1) A i R A
@’ s(—-+1)
6,(s) _ NG (b+D) @, (4-3)

LS K (¢ 2w+l ()
p3

H,(s)=

4) K H VCO [T 5 (1145 5 R 5L
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Hod Hi
] g
I !
E: =
E E
I o
= =

Frequency (radizec)

He

i(bﬂ)N/(ZchpR)
g g
g g
= =
c =
£ Z
= =

@ -
L
Frequency (radizec) Freguency (racfzec)
Bl 4.2 &Nk P AL R S I AR Y. Bode
S
s’ (—+1)
H (S)ZHO(S):NCl(b+1)‘ @, (4-4)
n
O (s K K 2 2y S

() KerKyco (21200 5+ ) (2 +1)

p3

4.2 52 %AW P AL A ek ) R AR I TK) Bode 11, MAWAIAY: 4l &0, RO R 5T
AN S I oA LR P Ay 2R R AR Y, ok R B I IR e T e 7
S, MR VCO ASEY (e tH AR AL M A Rl . AE B AR T MR
PR E ) iy 189 2 AR . (19 Z AR A

4.2 PR TS LA T

WA 4.2 (P F AR, (RIS, IR IS A e AL R 5L H,
(PR3 7 18 25 42 | H o) | = (b+DN/(2mKcpR), Herf m il R #OIEAES eI i HAh S
HRRE, HE = m O R B v O Y 55 R e A,
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ST MR

maw

. b’ -K
H, (j—) -
n

T2k 0.0) o,

Hv(ja)n)

(4-5)

ERE-AEFEAERENER, R k0,05 b RITPEIELLI, T R
IR PEAS R Uk, R AR PR T g VCO A A Ky, B YOI
(T 5 weo IX SIAE VAT VR R B IR IR B IO IR AR AT FH DRI A A I8 o 7 2B (1 e s
LU TCU RS 28 ORI 22, G0 SR Y DB 248 PR Tt 5 0 A8 B B2 i A A6 T8 75 1) D kAR K
(ks B T BRARAT Y6 F i A B (M it DAAh, gt SURE AN T ) AN 5 T A B A1 e
P DTk

h T FEARSKR B T2 2% iR F0 o0 S I e 75 ok, Ay S AT R/NMR AL N RN
NI BE o AEHEEL N SRS B, WERNGT T AT N T 5, N BUEAE AR
K BT LA R I PRI ER B Ay 56 i ek /N HL A B b A3 — S5 A 350 43 e 75 ik

X TR A G LN R, B T SR AR/ 23 ARG R A 6, 3 T LA SR FH 44 v HeL i
AR LRI e 75 DRk B 3 LR B I AT 2R PR U AT FEL AR Cp 3 KRR R
/N, AR R AR B IR o SRS AR s 5 AR WA R B AR AR, S
A AR AT\ B BA i 2 2 Wl ol 10 2 SR8 Ko i A 0 R A 28 P 3L 0 2 5 S T AR
FINFIZH BT % I8

T HIH VCO FIARAIME A ok, TR s E ) d i 25 o 1, AR oK
NP S RANE] VCO IMRAIE S, WK T se, SN SHR . s
A S PRI 7S DRI N . I DABR R Y 5 () B T BT S R

BRI P AR B B (71T LA 46 -

1) B/NILL N RN AL b, AT LABRIRS 2 B, 4045035 AT H fur 22 1)
uﬁfﬂaﬁiﬁ‘;

2) BN AT ZE AL, T DA AR H £ 252 P e 7 D R AR B B 0 a4 v r Ly e
i

3) B/NE VCO 1S i, w] LLFRARER B I3 25 (1) M 75 ik DL & B AIK VCOo B &
(1A A7 e 7

4) B v PRI BT, DMER A TS5 B, A FATAE . PR
JEPL A Fe VCO I 5 B/

5) MARIEA BRSNS 1] S 10 55 28500 HE e 7
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4.3 ZENEH R R

i SR L, WS I B M FANAL I AR/, 5 A2 7= AT VCO
M 7 D RS A0 i A S P 7 PR D MRARAR P 2 15 BT 3R 5842 mT ASE ORI
TEITAR, XK AT AFIHIEE 2 () VCO (R ATUAT 7 M 7 MR ALR A B i I8 o M 7 £ B Ky
B G o SRS RIE A TE RS, G SRS R 2 S T 7S TR A A P
BBAEAN PRS2 N, PR RRARIA R AT 98 R A IG fE. FH58 b, XM A Pr
HHORAEAEN . E OGS N PMEAT S A IR AR, B R AR A A L
AEAEAEAL VT B AR IR 2] LUK 2 25 I Bl 1 e 7 220 s LR, BAR M e a1 A 5
(IR AL I P ANRE 2, iy EL AT REAROR,  E A SR s (7] 20 AR AT AR R BRI
oy Wi ) AR SE IR P (41150, AR A AR I8 75 RENS Yl Fr AR AR I K B

U SR BN DR UL 73 A0t P i L e P DS TR/, IR DR £ 5 i P i s e oy
TR A RERUEIAR AT VCO M 20 o T LAy S0 I T e e Yt el 37 4%
MR, X VCO IS, 2T K N LAEX L B BEAT T 20 #r[6], X
AL BATIIINI R T, TSR 2 T GER ) Z 2R AL VCO [ATAL
W [FRE, XTI S, W T HEAE1E b 92 BPEZERAG VT E A L e
Fio Tl BT HEEIEERHI S SBREESS, B (M A P REFE bRl A & P e 7 A
vh HEAER IO IS 2 (K P PEREWG AL TEARTERE, A R XAl A A v ml A7
(K. DURXS T VCO MM Mgs S, EAIA L (e f - AL LU AR R ., A i
NATZ AL, BFEAEIR S HOh ] 3 M AR B AR (AT Ky MUN), LA 71
FETEFRIIZHCPZERAL Ve P B A Y, AT FEdE B 5 o2 ni AT .

W2 s G b 2 1 F AT R AR B USRS B, th FATETIAER I S i =,
S SR AN R AR (L, TS (R AR LB AR B A o2, P
LURT LUK AT e P B L 3R B S BB R LR, IR VA BA KA B FH B ZH
B, 5%, KR RNSHEAND RS ER A e MBS 8,
HAEAFEAE S R e v P 7 25 RE I A 25, Qi 2 1) S BRI TR 328001
HEHPTEE, RN LA LZSHh SRS, XA N i g
—H L

4.3.1 PR R A S50 T A LR — SRR SE R R e AR Y

B R R AR 5 R I8 4.3 o, Har b EGE 456 K 4.3(a)(b)(c) =Fh4h
¥, AEIX=FpgERgrh, UP il DN {5 5 A2 i HE 5, Vep M Ven 205102
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R IR R E R, FR ) T R Tope P h A LA 2 1 T R R AR S m )
DL K 4.3(d)kFER. Hb, PMOS HERYE TS R i, £75, NMOS HL 7L 1
W P LR 1 28708, BT HE SRR P IR i RN o TR ORIMRHIE 5 203l & UP(1)
I DN(t), 7EFREREE KFARTE LT, UP(t)F DN(t)ZAH R A, B[R] Ik 538 A0 ] i e
o T HEREAZRIIPEX, FEhlE 5 00 Sl — MR Tone IXFEHH
W P LI i (1) IT AR AN

Vard up )- Vo T, i
BP“
Up VBP'°| up UP(1) _H__l_ ;2
J lICP lICP lICP # =
o Van ] VBN}N_| DN() | | L
VBN-l g DN 5
é ln n
(a)

(b) (c) (d)
Bl 4.3 AT 1) LR G AR &5 g S EL A5 5 7 ol A 7Y

i, (6)=i, ()xUP(t)+i, ,(t)x DN(t) (4-6)

n,n

iy (1) ing (1)

Nk P30 FH D3R 1% 85 B2 (PSD)Y s, I LAEAT TR D 3 3 85 5 2 [R] IR G R A2

S, (=S, (H+sS, () &7

S, (=S, ()*Sp(f)  (4-8)

S, (=S, (*Sp(f) (49
XHE SOMRETHES x MTPRERE, EHF*RRE . BY UP(F DN(6)TEH
FE ARG, BT LT K (4-8)MAT. S, () & PMOS [HE F HLIE Ly A0 18,
A LAR IR A -

b
Sin,p(f):a+|f|/;

(4-10)

Forf a JEAEFS, b JE flicker BEFSIREL, B2 flicker B FRE. S, () ITLAR

TR :
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SN =S @5(f~nf.)) (@-11)

HH forefi5 UPOIISIR, a, & UPO)TEAE nf, AL 1F Fourier 2444, n]LLRIRN:

Ton : na)ref]:m
1 2 ) SIn———
a,=— | UP(t)e "' dt =——2 (4-12)
T T nr
T2
P (4-8)iE— 2015 3,
® +o0 +00 a2
S, (N =[S, (fISu(f=f)df'=a-Y al+b- ) e
n=—0 n=—00 ref

FaRUEMA, e e, IR R P RN flicker M 7R AR M I b T ORI R B (HAS
RS, flicker M7 (1) 28 H0H W 22 LU 75 (1 RECENII 2, 1K U0 HH FEL LR 1Y)
flicker W HAMEIR T o B T 7E S I g4z pi b, flicker M5 [ R E0E
3R, XUk B RIS 7R BRARE DL R (FA 2 2 S8 R ULD), WARAEE S5 I e i i,
TEANFR LG 28 N A AR S 5 W B e i) B fll . AR TETS R A B X, 15
SEBRACFRI,  BEEAT S R R IR 7S T DL ER O 25 1 Hz AT R R kA T

e B, SIANT —ANEZEPNSEL Ton, B HEATRBUE ST S8 7]
IXTEAR 2 Wb AT R 2 I, RS RIS A8 — AN RN, T A S b [l
U, AR 3 ) S N (R T R A A FRA SR AN R 702 A, BT LA S i (1) it 2]
FAFERER T LT, R A B 8. fEiX B, 5 IE I [A) S B A5 gy 2R ) g
P LR, BT LA E BRI T o BT AT B 5 LN RAG B FL AT 2 (1) S5 5K
IR . P 4.4 L SR Ty Ha0@-13) AL = RENK R, BREUS %
PSR f=250kHz, p=1, T,,=Ins~9ns BN RIE, SR, AR
B R AN . N 4.4 il LB R, flicker ME S SRS AL, B TAES SIS
B BEE A AR ST A, AR K I T o 17X LT G A A 455 (1) 5 Ll S5 R M 75
BRI 1,2] P 2 oAl vh HE R 1), KA 5 0 e 75 B 2R S Il SE B IS O, Rl 2 A
AR AT (1 AfG 5 LG 0l LA A PR U () 22, VEANI LB AE 2R /8T “A L 5 IR
SEPIEZER
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(dB)

+0
2
an

n=—

a2
1O iz
I —
+ 1
Ton=1ns

a L L L L L ) ) ) )
2 H T [
! = 3 4 & £ a as 15 z ZE

Ton (s) Fr-equency (Hz) vt
(2) (b)

Bl 4.4 BIUTOIRAS T FLAr 52 300 I 1) S i R P AR B D6 R

9T SEGF (Al AT A IR IR, R Al I (R e 7 LA T A v i 3X(4-10)
AP AR ELA R IR N R R R DR R, i B A A flicker I
MZ% a. by pREATAIVE. SEISH0E, WP AU T 2 B 1 MOS & DTk, A
HEEH] MOS & g A BRI AE . MOS 4 (1R PR, R 1) i B AR flicker M
7, DB T, SCRRITISI P A TR 4. 1 LT E) RS AP
b x MOS & [N F B ZACHEAT TP Fr s S ERAE BTN T HL g R e 75 7
KRARKTT . MOS & ({0 p AR a] LR TR 7 AR s -

FAlE 75 LR PSD: S, ermo :%kT(H mg, (4-14)

2
i, flicker — . . Y
Cox VVe/f Le/] f

flicker M 75 HLJf PSD: (4-15)

Hr,  k /& Boltzmann #4t, 1.38X 107 J/K;
T Z4RAE, A7 K;
gm & MOS TAER IS S
N RRE RN (@t gas)/8ms Zmb M gas 73 ST A SRS A TE -S40 o
IR MOS TARAEMAIDORZS, m ol LA 2 A H 5L
Cox AT MR R A FEL
Weir ~ Ler 70 772 MOS & IR 28058 A
B A& flicker ME A (TR E R EL, HL 1, Frbd flicker M AR 1/f e,
Kere 588 I A
bR b (4-14)M1(4-15)73 T3] 2 (4-10) A7 S I 7 o SREBE g 43 1) 5 mi r 22 1) LA
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LA DG I A AR R R, DU BER AR 5 (S0 10 FOU00 <5 3k L U e 75 ) DR B . il
TARAEMAIX MOS R85 gm 55 TAE LI Tep IR AR W LLRTR A -

_tor (4-16.a)

, W,
WmHE g, LQ” I.p (4-16.b)

B (4-16.2) 1 N5 (4-14), F(4-16.b)1H N F(4-15), 25w,

S

i,thermo

oc§kT(1+77)IL (4-17.a)
3 gs Vi
Kf 'ICP

S 4-17.b
i, flicker Cox Liff 'fﬂ ( )

A TE AT 22 T, FL RN B L RSB AR ), B Vg 25540, PrLAnT UG ), MEjS
FELIR R Tl o3 i 5 8 5 T AR LR S BE LU . KRR, ZERETTHRI, A T LB HERf il
TH T ZE A5 Ak 7, LB SR — AN R o O 5 () 0 (i B LA Tu=10uA)HEAT It 75 4y
B, 1FEIRAMER PSD N Sy, SEBRFEEFS PSD 4 WA (Icp/Iu)Sue F34k, I&H —A
LA e ) ik, e B T2 Spectre W, 42 4E T — AN TAE S S BUEFH
gmoverid, EME HEABREN T, gmoverid FEA FIEH 4, Bl 17 245 3
gmoverid J&, AT AR 7 (8 A TAE R R HEAS 215 5 gm=gmoverid X Icpo

4.3.2 IR BEURIBES 1S Rk H R 7 R
XTI R PERAR M0, BT DU (R e T B A B S BB RS R, R sEt
VIS TH AT A T, PRERUEB AT PR SE BB I BRI, i 4.5 P

E E
Up UpP
— -

Vref
_|

(b)
4.5 INHUEBAR LI PIAIE L () IR (b) U

C C
DN9 DN%
%i' i)
(a)
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No 710, YRS A LA VRIS AR IS AR BN 2. Sy — 71, T oY
JEP AR R 4.5@F I AL C O TORIE AT IR IR TAE, H oy AU
PG 52 2 PR, T 23 BRI 25 G 2% (10 4 HR ARG [, FR G SR A YR I D8
Weds, W& 4.5(b), AL C LA E S H WL Vref, WX HLAT A IEAAFE 0,
1M VCO 145 F s Y ] 56 4% B T8 1)t Fo PR e R e o SR, A U 08 0 24 ) g
PR, 7RSS 4.2 RS M ER R, ZERRRIX S, HA K VCO 1 R i3 2
Ky 8E SN ER (W17 5 e, BT DA IR DR A AT AT AL S0 AR ZR G 48 h A H
I TR FA 5 0 U0 2% CEL A5 TG USRI Ut ) () A5 A0 e 75 A B B IR R S BB Rk ke

TIRVET 7%
TCURUE A (VI P Y 2 R B T UE A P (U BHL R, HBEL 8y 5 IR A5 205 e 7 s

(a) (b) (©)
Vel 4.6 JCURE B G U 9 160 e P R A5

Vire WEAEBIAANE 4.6(a) s, Aad ()13 B0 EA0 HH RIRE i, , RORN:
2 2 sC,
Ji2, =4 4-18
ln,R vn,R S/a)z +1 ( )

FRE— 2 B (c) AR e, HURT AAG 2S5 250 H e S FL S v, AT

N O e et ]

s/a)p+1

Horp Z(s)R i g IR, _BaCnr PLS i R 3 % 1 1 2,
2

e |

o |b+1 s/a)p+1|

S ARIRAE A H W P PR S R D3RS 85 B2, Sy 275 FELBELFR) I 75 R 1S P D 6 48
R B TC U A P A5 R R AR _E AT PR L LA 7, TN 0

S, (419
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LICUIE R A L, AT U UE R N T AT PO TR R, W RS R T LU 1] 4.7
KFER AL, TR VRIS BB, 17,0 7308 U0k H e 7 HL 9 PSD.

(b)
Fel 4.7 A7 L B0 PSR K 2 2
A L G168 75 1) e i o B

Hy(s) =2l N Nl //Z(s))—/scl (4-20.2)
S/ @

\/Vj,R (s) \/ij,R (s) \/Vj,R (s) .+l
H(s=229 7 (4-20.b)
7, (s)

Iyt 45 2 75 L g
WV = Ho (W2 +H, o)\, (4-21)
T P L 7 S LT P S A1 7 LA L 50 5 g Ty 1 5 FE 1

V2 =|H2 )V +|HE ()

i, (4-22)

2
Vir T

El] ’ Sv,n = |H1§ Sv,,vR + H(f Sl'n,a

AR T AE BT W0 e A v YR DB A (R M 7, XS 3 SR TBOR 2% IR e e
TS X HEEEIEE KK folded-cascode 45 #), WK 4.8 fior. 7EHEH,
FREZE I REIR) MOS B 72 e 7 1 ORI, 5 W far Z2ARARL, FRATTH AT LA MOS &' 11
W P RS OR AL SR R A U, [RIRE, RS ) AR R, B RE Ak B H I
UL, KM TR A e A Al 3. T R AOR M A ROR, BT LR
RPN TAE R, BRSO TAE A B BRI B 22 ) AR, R4
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TR, R DB IS TR S i AT L H A 2R HLURIT 2.5 1

4.8 folded-cascode iz K2R 45 /N

4.3.3 VCO T4} #M#% K 75 S 4 A

5 e SRR B B B B A L, VCO FIAr e SRR AH G M S E e b, 1A 73
FEV VWA AE AR OGO IR 2% S EORAG THE AT RS o BT UK BLUR 3T e i vk
REFEbR, 44 VCO RIZrAidsifie it geda e — > L, JF A ERRSRAE N IXLeBIELr
WAL TE R OTERANIR ) B FHEEEITE IS S B, AR, Rkt
TFA R HEfy, ARDRAE BT W RE S AR 7 (8 A Al T HEA IR K (e s v R i AL
EHEE BT I RE T, K SEBRAS 2 (e S R REE T A H TR, et — 2tk
FHL A7 2 A S D 2% 1) 2 B3 DA 31 B L Fr e A gt 7 P

VCO HIBEE 15 2
EHE—ZOEND T VCO Wgiasst:, 7Ediit b, VCO BRI v] 43k =
AN, 1P 1/ TR M 7 A, AR o Mk 75 (1) Ty A s i TR 4.9,

s@]

M P I
(noise floor)

-
L
(2]

4.9 VCO YA g 5 T 28 5 iy
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HEORZA A S

fiv L MRETAE 1F s 1 WA . AT 75 S B AR, gt 2 1E A
VCO BiF I [ ERRFEFR . VCO AIALIE 75 i Z i A v LA 7R

veo,n

Son(f)= A(?f +B(%)2 +C  (4-23)

Horp A AR f1(FE 1/F XIS AIAZ I 75, 47 dBe/Hz;

B ISR f2(FE 1/F XS A AR 75, 54y dBe/Hz;

C 5 VCO [PJEJRIE S, HA7 dBe/Hz,
Whn, 5% fi=10kHz, f>=100kHz, A=-70dBc/Hz, B=-100dBc/Hz, C=-150dBc/Hz,
DU (AR e 75 2 P 4.10 T, £F 100kHz St f4b i) 11 5504 75 4 -97dBe/Hz, 51
Fr-100dBe/Hz ¥R 2252 i LLEEZ 11, DRI (4-23) S8 AR b BEE A e V- Fa b A 5
EINA Ry

@10KHz

phase noise (dBc/Hz)

frequency (Hz)
Kl 4.10 T EREIRbRZHARTL R VCO HIALIE R il v

=100

-110

-
]
=

phase noise (dBc/Hz)

2@10kHz

-F?o‘ .16’ :;0’ :16" :;0'* o 10° ...";;;0" — io"
frequency (Hz)
4.11 BT IERESRIR S BB AY ¥ 70 M0 A 02 168 75 i v
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P Lol Yt
I Wi il H AR I S (R R 20 A DX 1/ XA R R IR 75 X k. Ly
VCO L, el 2 H k5,

%Afﬁl&%HE (4-24)

Hodr, f3 2 UF KB SRS, D 2 N AN e 75, E Ny BE AT e =, )
U1, f;=10kHz, D=-140dBc/Hz, E=-160dBc/Hz, WK T2 (4-24)1% 54 fk) M 75 45 1%
K 4.11 i,

4.4 FRER AR AL

T IR B S R A, T P AT A

1y AT 7 5 A T

2) AEAMKIHE | IS0 75 J2 1T LU T

CERTTET O 8 R AR AR e T35 A A, I T T L 4/ s e H e
TR0 T . AT IO 0 Sk AT i, 7.5

S,(f) =S, (N H (P +S,, (N H(F +S,00n N H(OF+S,, (N H ()

o, Sy, A2 AT 2 () S5 00 H I P HL AL 1 1) 3R 1 % B (PSD) s
S AT IR UE I 2% 1) S5 R T e 7R FE PR (1) T %135 2% (PSD);
Sveon & VCO ¥ 555505 HAH A7 Mk 75 1) T 2R 3% %5 5% (PS D)5
S AT 53 AR (1) S5 230 H AR 18 75 (1 1) 22 1% %% B (PSD) s
Thbh, AR BN R IEA R E-D~(4-4) a5 H

T B, AT DU VR BEAN VT A SRR SR 2 P (10 Fi A
Fio NIZES H— MR LR A A S N IR B SR T FR bR, I HAN
HEAN IR IR R AAE AT M P o IXANERG A8 ) LA g M DVB-T R4 T
AT . P REFRAR AR S 3K 4.1 Fios.

I RAE TS, 53 AR TCUR IR R DR A I3 £ 45 i HE A7 e 7
W 4.12 FE 4.13 Fros, RIS TS AR AN M S DTik o 19 2 FLT AR
FTHLA Tcp=500uA, 75 TR BN AF IR K, AR T8GR, H
T4 I8 SBOR A8 1 RS S 3E T 347 FL R Tu=50uA 1), PRSI B (1) RS ok 48 K
10 %5 o W1 FE BRI L for 2R FEL IR B Tep=50uA, ELARIE/N T HLZE, {HUE FL BN In T +-4%,
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WZ LR G AR TR e FE AR VCO &%
FRILMR 1.025 GHz R Ky 30 MHz/V
WA +25 MHz AR R i
SN B S 250 kHz @ 10kHz -80 dBc/Hz
AR Mgt 75 @ 100kHz -110dBc/Hz
@ 10kHz -80 dBc/Hz @ 1MHz -130dBc/Hz
@ 100kHz -100dBc/Hz LM -150dBc/Hz
@ IMHz -120dBc/Hz
BRI -150dBc/Hz oy iS4
St N 4000~4200
AN 2 AFA Mgt
WA S 20 kHz @ 10kHz -160 dBc/Hz
SEIN PR fror 250 kHz HE R -180dBc/Hz
R b 10
FE S PMOS #5175 24
A JER T & 1.0388 Np 1/3
S KA T O 1.6366 Kf, 1.18E-23
SR/ NEAR T Omin 0.611 Bp 1.2828
PR A 9.40% NMOS M 5 244
Mn 1/4
CEREE S Kf, 3.45E-24
I Iep 500uA B 0.8824
S Ton 5ns Hih T 225
FL LR S E (AT HLA7 HL IR Tu=25uA) FALZ R tox 5.40E-09
HLL U MOS & 1% W 20u AL € 8.85E-12
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