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B ons, FRTZ7A4NE Csb, V=TT 4 NFDERECHLRDONIBEL /T X
— % b(b=1+C/C3)D, 2 2O2DNNTFRA—H|ZL>T, UUFOLEERBRBTERT I ENTX S,

a),%\/B(S+\a/)%j

525+ anb)

K23 DFsmjwllBWTHIENR 1 £720 | S SICATHBEA L 725 2 LI T
XA, ETr. DL EDOMELBIL TG A—ZbDIAI L > THESINS, FO LD REK
HERLDPLLCdh » T bIn%a A2.3.) L Al —DImEBB L 2D KO ITHFNRT A—X
&Y ETAUEPLLO#EL S EH TX 5, 2T, [0 2-3-1- 2 (TR T F ¥ — YK > 7 RIPLL
DEEMBIIUTOXTERESND, 20L&, 12=CRTH D,
1
Gl R D6+ )

Hopen (S) = x £2 (2.3.2)

272' 2 [ b j
S TZ S+ —
72

Z 2T, AE23.1DERQBDDREMMAE — S HD T LIk v, PLLITREL S
N5, 2O, LT0R2.8.8)52.3.8DFIaZHTe = &2 L0 FF/8T A — 3Tl
SN,

(2.3.1)

H opt (5) =

tan((I)M ) = w

(2.3.3)
1+24
(2¢ +1)? =b (2.3.4)
R :ﬂ (2.3.5)
72
bvb
Kr,=—— 2.3.6
T2 b—]_ ( )
K.I.R
K=—20F (2.3.7)
27
T2 = CR (238)
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2T, O, BN — T BER S HepenS) ONAHRB TH D, Ok EDL L, K
(2.3.3) L0 ¢kED, K234 L VbERDDZENTE D, PLLOISEHREE wald, %
W DAL ) A RO F L, D WEY v FREGICEVIRESND, > T, oaldBEC
KdDbNTHD EFhiE, K285 LY redRDOND, T5LK(2.8.6)LVKERDD
ZENTE, VCODT A U Kold, FEIREERGFHRFICBEIZIRE SNV TWH DT, &R, Al
A RFFEER L, o EES RN E 72D O ICRIRT 5, T72bh, X2.3.7)EX
(2.3.8) 6, R TOPLLONT A= %3 /T2 N TH L, LERDEEZED LS
WA G HETH, PLLOJSEIZ A BEITAE TR0,

2-3-2. 3HWN—TFT7 4 NVEZDOEE

3WL—TFPLLOYAIZI, & O b S av7z by — 7MrzEBa s, X(2.3.1)T%
SNbHZ L, BEIC 2-3-1Hi T L7z [8l, £ Tlix., 4 RA—7PLLOSGAIC, 2D
&0 i SNIARIERBULI E D DD THAH D M ?

Fee NG, HBEE TIZ, 4 RVv—7PLLO i 7o = s & — b L= R,
RODo T, 2T, RQBPITRTEPREH - ICTRE L, Kb HiT 5,

[\5“1]

H_(s)= “n (2.3.9)

opt\=/ T 1 2 2 o
[(S()Zj(asa)2+ai+\/6+olcj

K(2.3.9)TlE, wnllBWTHAL—T 7 A R 112725 Z EIFFE SN 553, (itd
BRPBRIZIR D Z & 13720, EBEITIX, 7 A R RN SR OTERIL, 80T,
L7=mo T, R2.3.90Z Y 72t RIRUT /2 5008 5 id, THRED EK ST 0 CHlBI
T 5, 2T, EBEIC, MHEKROTESDN, oab EN bWnTnsng, X(2.3.990
EbEA LT TT ey b LIERERE, X 2-3-2- 1177,
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ba)ﬂE 121

144
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X 2-3-2- 1 4 kL —7 PLL OE&EEEOFEIR DA &

m
o

2-3-2-1 L0, bOERPEMLIZHEAETH, a DEZRRTLZLICLD, #
7% 5 %URNIZIA D Z L3, AIRETHD Z LN DND,

BEENR 3 IR 1 VX OFEAL
WAz, R2.83.9DEEEEMN, ED L D727 4 VAR CTEITE 2025 5,

BN, X 2-3-2- 2R T LD BB 7 4 Vv F ZHNT, 3T 4 )V T D551
DUWTHT 21T 9,

X 2-3-2- 2 BEENAL 3 Yk — T T 4 L Z DEIEHERK
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(CRys+1) (2.3.10)

H,__(s)=
wn(8) =5 7R

I K,R

[

(C,Rs+1)(C,R,5+1)

2-3-2- 2 |\ R T [EIEE 2 W 7= PLLO BV — s 50 . XQ2.8.101R T &
725, 2.3 1NIHFAEEZEIRTHZ LIk, . R023.9) ¢ —HEEDLZENARETH D,
PLFIZ, ZORFEOFHETIEEZ R,

D bé&aBmBIRT D,
® y={b+lla LEHRTH,
@ Ip Y A E A RS,
@ LITFTo%ER(2.8.11) %N TCCEEKRD D
27C :lz (2.3.11)
K,
® OB STFER(2.8.12) T £ 35=CsR& 1 4=CiR4 Z RO 5,
1
T3l 4= 2
ayw,
1
T,+7,=— (2.3.12)
Yo,
T, >7,
® X(2.3.13)5C3 L CaDEERET S,
C
C,==
' p
R=13
G, (2.3.13)
C,=C,
T
R, =%
4 C4

@D BHBIZLLT0%R(2.8.14) L Y R2 DIEEIET 5,
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CR, = (2.3.14)

LI, EBEICEZMRA U THE Ll Z 3, PLL ~O ANE 5 EHEE,
40MHz ToH o & L, £ 1/40 7% PLL OISE BRI L 705 K 518 (OF 0 ISEE BT
1IMHz), 7 4 V2 DFEFEEHRGT L THD, 2T T, &GOS EEE 16, Fr—Y Ry
TR D F ¥ — P E & 50uA, VCO D4 A > % 100MHz/V & LT T 5,

B R ES IMHz THAHO T, AEAKEKTET L. onld 27 X 1IMHz=
0.6283185X 107 L 725, £7=, VCO & &z EDr 4 Ko I&, 100 X 106%2 =
/16=0.39269908 X 108rad/Vsec & 725, ZZ T, b=9, a=15 &7 5 & y=/ b+1/a L 3.067
Thbd, WICFE@LY, COMEN 24.27pF RO OEND, EHICFIEG LY, FrEH s
Lt  MNEHFRTE, t13=370nsec, t4=149nsec L5, IHICFIEO LD LD,
C5=C4=2.7pF. R=13.7kQ. R4=5.5kQFHEH I 5,

R#EIZ, FIE®X Y, ReOEERDDHZ ENTE, RelT 19.7kQ LFHHEEIND,
[ 2-3-2- 312, FFEEARA LR 3 KL—77 L Z OREIEKERKZRT,

19.7k 24.27p

— Wl

—>/, s50u 13.7k 5 5K

o

Xl 2-3-2- 3 BEENAL 3RIL—TF 7 4 L Z D E

SER 3 IRT 4 NV H ORI

HAS, [ 271 10 DISRT &5 72, RO 3 Yol —7 7 1 b 5 % J T PLLO
BLICOW TS, RO FIET, RTEOREET I,
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X 2-3-2- 4 ZEN 3N — T T 4V Z DEIBEHERK

SEALD 3 WL—T T 4 NEOLEE b RE(LOFEITREEA T 4 L X LE T ThH
%, T7bb, R2.3.91TRT 4 kL—FPLLOf#E L IEME) S i-fmiEmEskic—3+
HEDNCTANEORAEERINT D, K 2-3-2- 4 ([T [BIEEE HWZ 4 kV—7PLLO
BIERE Hopen(s)1%, LT OR(2.3.15) TEIND,

Kol (SC,R, +1)

H,_ (s)=
°”e“( ) 27r32(32C10203R1R3 +(CC,R,+CC,R +C,C,R, +CC,R))s+C, +C, +C,)
(2.3.15)
K(2.3.15)1%. UTOXEHICERTHZ ENARETH 5,
I K, (zs+1
H open (S) oS +1) (2.3.16)

" 275°C,(L+ 1, +1,)(Br?s? + Ars +1)

Z 2T, A={ 14b Xr3(1+re) }/( 14b ), B=rorsXb/(1+b), t=Ri1XCi, b=1/(ra+r3).
r2=Co/C1, 13=Cs/C1 L BE¥LZ T TS, (FFELZOLETIIR=Rs ZIKTEL TW5D,)
ZOEELERQ.8.16)%, kOTFIET, X(Q2.3.9L—FHEHED,

@O bl az®RT 5,

@ y=/btlla LEHTL,

@ HFoEHZFELI LT t&itE T2, T74b6, t=/blonk b t 2RO D,
@ WIHEo2kOELY, #HHRERQ3INEFHE LT, byrz brs &R 5,
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1
b, =
r,+1,

t{l+br(+r)} 1

1+b, @,y
b, 1
1+b, awy

(OISR RSt B
® WwDHER(2.8.18L VW Ci1EKRD S,

27C, [1+1j
b.)_ 7

v
1K, ;
@ Ca, Cs, RizRkH5,
Cz = r2C1
Cs = r3(:1
T
R = c.

ZZT. BEEN T 4 L Z OBE L FEIBEIC,
Bl% 774, on=1MHz & L. I,=50uA &

(2.3.17)

(2.3.18)

(2.3.19)

FEIEEZMRAL T, FHEZFELE
RETH, W, ZZTILb=6,a=20 & L Tt

ZITH, THE, yOEIIF 245 L7220 @&V t DfEERD B &, 1=0.39u LEHETE
%o I, @O TR AZMEL & r2=0.121,r5=0.0318 K LN 5, [,=50uA 72D T,

®XY C12817.17pF &
Ri=22.TKQ &RHDHZ LN TE D,
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— 50u 22.7k
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AT

17.17p

X 2-3-2- 5 ZERI 3L —T 7 4 )V Z OEIKRIER

FThbb, K2-3-2-5 TR T KT 4 VM FREIEOFEFEPIRESND, ZE 3
WV—TT 4 VBT, ZERIOHEROT-OIC, FBFOMITHEICEELD S, /o T,
T4 N OHBEICIFRRD D D, 8T A —Fb a DEABEYNZRIT 2T UE, FIEOT
R UTEN FRROMNERE 720 . T4 AKX OBFIRFREL 785, FIE@ @
KOfRIT 2 TR E D . ZOHBIADIZ, BLTFTORX(Q2.3.2012FK TN TX D,

D =r’a’0’ -8r’aw’y — 4+ 4raw (2.3.20)
A2.3.200 4B, v=/ b+l a & =/ bl onZ AT HUT, HHIAD2 & LT(2.3.21)
2155,

3

D2 = ba? +4\/605—805b(Ej -8b-4 (2.3.21)

B D2 2 IE & T 2HEMR. 7 A VA ATHER b & o DMHBEDE LD,
4 2-8-2- 6 (T, 7 A VAR ATREZR, bl o OIF{ERIE A MR T 2,
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2-3-3. NA—7FR2 FIEOEE

PLL &/ RigIE, i@ H PLL OAAR ) A R ENE/NE 72D & 9 ISRk bT 503
W5, AR A XOERIAEFERITIET A1 DA SND AT ) A X, F v
— VR TRIEOERIE O ) SN D ERNMAE A X, VCO 2T 57 /31 A6 i
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BINIAH 2 A RIZxF LTI, PLL A SN ) A ABMBES LD DT, ATINFAZE
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L, —J5. VCOitH / A XA, PLL i IC 5 2 28220 L Tid, X 2-3-3- 1127
Ty 7B 5 2 L2 L0, A A RBERHEZRIT T X B,

PFD+CP
—-1/2n I, 6,/1
/21 > F(s) L/21 F(s)
Y
1/N + 1/s [+ K, t 1/N + 1/s %1 K,
VGO

Divider VCO Divider

(a) NHEFTD /A X (b)) AHERD ) A X

K 2-8-831 F¥—VRUSPLLIZEFE ) A ARG 2 AEBRTTAEDD 7 v v 7 B

[ 2-3-8- 11T $ 7 1w 7 #j K% T, VCONAH /A R 0w, VCOHT) AR
MVA~OARERS A RO D, 71y ZHET, AT 0 (345 EIZE L L nied, 0 &7
HITEMWTE D,

o T. 00D 0 o ~DIRERMZ RO, TNENKET H &, VCOH I AT b v
~OGEBEEEZRDDLZENTED, 7y 7K 2-3-3- 1@ LV, BLTFOR(2.3.22)0375%
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(6(s)-6 (s)) 'o > F(S)Ko +60(9))
sN
ZIZT, 0ie=0,BNTO)ERkDDELITDOHR(2.3.23) L 725,

=6,(s) (2.3.22)

2786, (S)

0.(s) = (2.3.23)
o (%) | ,F(s)K, +27Ns
VCODNIFH / A XL 0 o ENfE L2t D72 DT, Ki(2.3.24) LFHE I D,
NG, (s) = — NG GO 4 (2.3.24)

I,F(s)Ky +27Ns  6(s)

T 5, VCO OALAH /A XA, PLL A G 2 552803 AT AR
ARAERFE 0 o(8) 0 () & A L CHEMT CE 2 Z L ¥bh b,

=T 745451 VCOiia/ A X veotitg/ 4 X =T 24 L5451
=393
l =T 20Vt L ASERRA(YFUT /AR
\ AnfE/ (X \
\ \
\ T4NEED \
\ TASED  yooft/ (X TANBED
\ AHEHR/ AR ASERRAVFUT /AR
\
/ \
(a) At 7 A4 X (b) VCO iiAH / A X (c) A ZEFyHamDEF ) A X

X 2-3-3-2 PLL ® /A XPJFDALY hvé PLL A7 b VORMR

(4 2-3-3- 212, PLLD / A XPRD A2 b & PLLI ) A2 MLVOBRERZ R
o AJMEAH 7 A Rk L TEBR@IZ RS & 9 IS ATINEFRZA bk A AR R 23 SR/ S,
VCONAR / A Rkt L THEROIZ R XL 9 )\jﬂﬂrﬁﬂ*ﬂ:xﬂﬁﬁa;%%@75:%&%&%
HaInb, £z, AXSERGEwEROCTEGAICRAET 28 TL A XIZR LT, K(o)
IR T &9 )\jﬂﬂﬁ/ﬂtﬁHjjﬂﬁafl%‘réﬁ:%%ézhéo PLL%Z., ZHODONFE A X
2k LTl b3 5 12iE, PLLOL—7"80 RigZFH% L C, SREHE M ) A Xy o
WA e/ IMC 72 D KO ICFsE T X L [1,
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Bt SIS, Ny RO B — 7 WFET D HENH S, PLLONL—T /R R
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2-4. PLLIZBITAY v ZEMHE

PLLO fil{bIT @ E A 2 A R B F/NT 725 X O ISR 2R EST 5 2 &
TiTbind, —J7 T, PLLORHET, EEEEE TR, FHEEOY vy Z 8L L THX
Bang 11, #-T, b 0REDORBREH LML TBL LERH D,

— RN, FEIBERONAE ) A AT MARE 2 DTG, TORIEHRO Y v
BREL AR FLVOBMRIZED L H IR D THAH N2 HIBEHROY v X FEEp 213
n A 7Ty ZREOEEIZIE, K 2-4-1 12T K912 n 7 vy ZRIOANAE & BAEDOAAE
DFESELTHRILEND,

X241 nYAINY v FDESE

Tbb, BRGND n A 7Ty ZA~ONAHDIREREEIT, 1-eS(0nT TH
b, ZIZT, TIIRIRGRORBIREL, n 137 vy ZEiOMHEEESEZ EDDPETRT, T
726, cycle-tocycle ¥V X ThILX1 &0, 100 72y 7HEDT Fa—Ahlb— a3
Ty B ERE LTeWGEIZIE, n=100 & TR0 ERH D, £, S(o)lIFTFIEROAAH 2
ARANRYT N b 2 D0LEND D,

Mo T, FIRARAY M &ES(w) & THUX, (Y v X IZH 5T 55RO
J A AEPaE, RQ24DTREND,

P, = \/ [s@?a-e")do (2.4.1)
0
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ARG P EFEE ) ARGI L EFEES )
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— |- IWT—»

2-4-2 Cycle-to-cycle ¥ v # DFEFIE

2-4- 217 T X 912, 1-cycletocycley v ¥ OGAITIL. AW E 1/Q2T) D&%k
5 DJEBLA S U TREDN R b mWFEZ R, > T, B D 1 -cycleto-cycle v #
W2t U CUIAAR /2 A XD &8sy O iMEER A 7y L 0 b @ WEREZF > T\ b, 7
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i B 2-4- 31T K D IR BRI LT, BEE RS X D128 D,

1 _e—_j wbsT

ARG VR E(REE ) ARG VIR RE(REE S T)
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— |- W |5

2-4-3 nYAINVVyF (n=5) DFADFHEFHE

nthA I NT Y EPEKT Y ZTHLIDOIZK L, BV A Ry XTI DX ThHHD T,
cycle-to-cycle ¥ #Z L U A RV XIZIZLL T OBRRH 5,

E'U 4 KY v & = cycletocycle ¥ & X (1/2)0-5 (2.4.2)
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T 7 4NV H DIGEME ZFals) & X, U ToRTEEND,
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5-2-2. RFTERIZL5RE

> o

[0,1]

[-1.1] . [l

[-1,0] ¢mmm==[0,0] =====p [1,0]

[-1,-1] [1,-1]
[0,-1]
() PR SR sk

Y
Jitter Measment
is done

Jitter is
Y within

tolerance ?
N

Increment the Combination
of the Cotrol Codes(a,b)

Current_code =(K,],)+(a,b)
(ab)= (0,0),( 1, 0)( 1,1),

(0, 1)1, 1)(-1,0),
(-1,-1,00,-1),(1,-1)

Y

PLL is

locked?
Y

Jitter Measment
is done

Opt. Steps
N exceeds
the set schedule?

A

<>

Update the Optimum
Code Set

Last

Combination?
Y

Optimum Code
is set to the
Control Code

(b) HfH 7 2—F % —h

X 5-2-2- 1 RFTEE{L TORRER EFHIH 7 2 —F ¥ — b

127




RFERKREGIE, 2 har—La—FRz 1ty hFOB &S, mfFEO8mar hr—
Na—ROMHY y X2 ET 5, 22 ha—21%, K 5-2-1- 1@IRTEE8 2= — R
ELBEOI—RDEFI DD a— R EONLMMEY y XEOF NG, /NOAFEY v
iEZ RS a— NI, BIEOa— N2 EET 5, BRT L. MZEHPREMEICES" L7232
X, v be—ba— RN, WICER/DOMEY v & 23 RICHlE s s, HlE 72—
Fry— bk, X522 1OIRTERBY THD,

JRAHERRECIT, ¥y 2R BEE B CEL LS AICORIET S L ) IR ES
NTCW5, ZOHEMIX, 2 br—a— F2EEIWELEAIC, PLL OB —27 2y Z3
BT 2 AEEMER D D720 Th b, ¥y A NE(L LARWEA I, RITERZ BT
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EMALIZLOTHD, 774205, b=1+C/ICs Th 2, ANEZEBEHEMSEL LI HETx
T HNAHRRZE DR EERIER I, Hopt(s) L W IRDOK(5.2.2) CRHAE T2 Z ENARETH 5,

1

m (5.2.2)

H err (S) =

BT, JAWED A o 7205 AT v TEINZEE LI=5A12, PLLICA U AN FHRE 0B,
A o XHer(8)/sDWi T 77 ZBHTRD D, FEZb=9 DEAITRDOA(5.2.3) L 72 5,
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K(5.2.3)DEKME, THDLOEWEBAT v 7EB CTA U DR RAAHRZEL, t=2(1+
VB wDIFT, 0.84A w/ow EFHFETE S, ZOMEBANZ 1 v 712k LT 1%UANDZLEE)
WINED LD, AoZRETHI LN, Kby AT LOAELEL 2D, APLLTIX, %
IRIEW N 1IGHzTH Y | A0y EIE 24 TH D, 16> T, AJEWEEITH 41.7MHz
Td %, PLLO/L—T /3 RigIZ ATME A 110 BREICRET HLE R &HDH DT,
ZZTIEAMHzZICRE SN TV D, 1> T, AT » 7EE TH U DI KIAHRE %
ANJ17 vy 7 D 1%LWNITIZ 5564 L 0. BUTFOBRG.2.003 M 5,

0.84A 0l w< 2 %1% (5.2.4)

Bk (5.2.4) &< ZLI2L D, A w<3800kHzO&M 25D Z LN TE S, VCOT A X
Gt 625MHz/N CTh 5, £l AT Iy 7LD, 1 VEETHIOT, 1 U#
VB3 RREIX. 62.5MHz/300kHz =209 & 725, L= -> T, ZORAET A I

%7‘; MEREIX, 209 KV RE22DREFHABINL, 256 (8 By M ERESND,

5-3. PLL ~ BEHIHEE R
PLE, 5-28iEF CCHALIEY v X KLYV AT LAOREEFTH-D, T A

F%y#’&%ﬂﬂw{— RA&VERL L. D82 #EE L7- [8-9], LS 0.15umCMOS~” 1+ &
Iz . iMEENnTWS, K5-3-112, Fy LA T YU RERT,

'

5-3- 1 PLL &L AT ARFAERT A R F v LA T U |

129



[ 5-3- LIZZRTPLLO LA T U ML, T4 YV ZAOHIET 2y 7 13EFEi T
22N, ZAUHIE G R B HE 2T 570, 7 0 v 7 ZFPGA EITHERR L7272 T
b5, i LEFPGAIZY A Vo7 248D XC2S200ETH H,  #£5-3-1 12, BEL
7=PLLO# LE 77T,

#% 53 1PLLT R NF v #T

Supply Voltage 1.5V
Output Frequency 2GHz~250MHz
Power Consumption 7.6mW@ 2GHz-output
Divider Ratio 24

F9. KEWRBECOREZ RS-0, 10 F v ATk LT, KR EE2 &
L., ¥y X EENRICOWTHIE L2, £ 5-3- 210 DfERE/RT,

# 5-3- 2 KRk L% L 8D PLL ¥ > & O

Period Jitter(3 0) Output Value

measured by
Time Interval Analyzer

without Optimization 1.36%~1.84% 912~1408

from Jitter Detector

with Optimization 1.15%~1.24% 240~786

#5383 280D EIT, FALA L EZ—NATFIAPFICEDMEME., ¥
v Z R HERE OREMEOW 5T, REbEOY y ZEPREESNLTND I ERbnd, ¥
A LA VE=NVTFIALFOVy ZEIZIE, BREEDEE LTV EEZ DN, i
ST, Yy ZBHEROREMEN S £ OUENRE REb UL, K926 %0556 %DV
v AEEENREDF LN TND Z ERbnd,

% 5-3- 2 1Z1%, PLLIZAT v 78R/ A4 R sl Li3GEI1okt LT, Kk ko b Fik%
AW Haod#ERERT, K532 @IKIXE VA4 RV ¥ H ) OFEUER 28 O S #E5%h
R K532 DITIIE—2 Yy FOUENRE, TNEIURT, [X5-3- 2 OXEE5 L
7o ) A RO JE W EAE 2 R~ T
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B 5-3-2 v ZRHEIRE O AREHE & BE R O BER

X<mbhTnbd X iz, PLL OER /A AMEAEMEIZ N RS AR 2R, /30 R
AFpED ' — 7 JE L. PLL OIS RIS T & 72 5, AW PLL OS2 R HE
35 4MHz TH D,

o T, i LATOPLL T, 32°5H 4 MHz T OBEFR &M% 2 4 Xicxf L. PLLOY
v ZREEIIA L TV D, KIEOERBRIC K D caiifb a2 i L7256, X 5-3- 2 02bbh Db
oz, ELZRWEAICHR, Uy XFEREEINRTWD Z EBbnd, £, &b
J A RFEFEDE, 306 AMHzfFEDER / A Rt LT, /A XADRELE 5 0 %
JEICHETE TWAH Z ERnbns,

¥ 5-3- 3 121X, AMHzOEIRAT v 7 /) A X% EE L7846 O, PLLO fwE ki
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Standard Deviation of the Standard Deviation of the
Phase Jitter is 73.78psec Phase Jitter is 26.41psec

(a) ¥ ¥ i kA b) v ¥ ik

X583 YyXAbRAKNSTADLE

VoA BRBILRIOY Yy A A NI T ATIE, Vv A E—TB, A RXOEBEL VLN
222D =7 ZFODIIX LT, Yy ZiEb&IL, ¥y e A NTTLANRT Y AWEE
ICIEWBIZHE SN TWD, T7hbb, B/ A ZAORENIH SN TND Z LBDh D,
ZHIEVCO DT A o VEFE S U PLL OL—"T7 /8 RiEDS ) A DR A2 T 72 ORI
EHEINTZEERLTWND,

WIZFEERIZ PLL ORI T A =2 RN EDO XS IZHEF I TN L0287 5,
4 5-3- 4 IZF v — VR TRIEOTF v — V&L & VCOT A (K)NZxtd 52 > # fttEl
oMz, FEmIcR Lz bozrd, I e KOl ML, 3 TICPLLA v v 7 Z
FLTWOHEPAICBRE SN TV, PO EIIE, Rir&#E(bomEREZR= L, KEIDE
X, RFTRELOPGER A > N, ZREIVURLTWS, K 5-3- 4 OISR, 33T
EE O MEIZIR L TR Y | EFICRAE LA FAT SN TND 2 LR R TE D,
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5-4. £&®
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3. B PLL ©7 —x7 7 F v & R b 5 I & ORI Pk Ak o fil i Fik 2 4
KL, TOMREERICI VHERE LT,

3-1. PLL O v 2O 7o 2 X5 0X 2 MMEITX 52 ¢ 2 LT L,
GhHiL 26%70° 5 56%FEETH - 7-.)

3-2. IR ) A XD L AN A ADOLAEBINTESLZ EEZHLMNT L,
¥y ZHIPEN I, K 36% TH -7,

3-3. 1 E% WZ XA A DB b EREM L, §ilHk/NY v Z T PLL Z#8{ET&
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sC,C,RR; +R,(C, +C,)
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0 =46 20u
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o—e ® AN *—>
10.64k Q

10.64k Q 3 R,
29 52pF 7.78pF

= = C; = C3
I I /4

X 6-3-1-5 3N —T T 4 NEIINFRA—F

244 4pF C;

A PLL Tlix, AJIME5% 26/3MHz & L., 200-400MHz O JEH 152475 72, 4y
JAZRORBRE L LTIE, BHEYET23 5 46 OFPHCRZARETH D Z ENMETH D,

- T, APLLTIL, AL T7TEMTTy—VEREZU D EL, V—7 R
MR —EE 725 &Ko RHlEHzE2T> 5D, 4kIL—TPLLTO 3RIV—T7 4 )LVZ D%t
EIX, 2-3-2HfilRLIzEBY THDH, VCOT A U 250MH z & LTEHEDT 4 VETE
BUZOWTHBEEITHT 5 F ¥ — VR T ERMELZ £ 6-3-1- 118, T4 NVENTA—F %
X 6-3-1- 5 12, FNFIrd, PLLOL—F Ny RIER—ETHAT-H. 74 NVZDET
NI A=BTEIC—ETH D, Thbb, FY—VBROLEEZDI EICLD, Rk

DB TE D,

ZO%E. T — VR TEBROR/IMEITK QUATH 508, F v —VEBHN DD AN
7 bVIEL ®6-3-1- 2 1R T L D12, Fr— VR TEEOEBNI T 2 '8ERI S 44 3
e LEHAETYH, -125dBUTRETHH 72D, il ) 4 AR B L 52 5 1L~ LT
BN ERDND, (FXx =Y R FEEOBERIGIL, 4 R& b EAE RN £ 7
ThHhdHI L&, BEGELDERMEN 23 THH I ENLRDDHZENTES,)

Flo, TANFEERT D2 00T RIBLORIIMNOIRAET HEHE LULL, v
— 7 TH-120dBLL R THDHDO T, MEERD LV TIEHARWT ERERTE D,

1567



6-3-2. YA FEIKERIEH

Vi
[ 4
e
* [ 4
. . Fy— I1IL43
HiE BEME . iR
= P RoT —p>| BEH
BEER = 3% B II > il 41 p

Vrefs \ VR I—R Wi
.. VCO
S A %I va4y e
il 4

1
ANEE O—p| (i |—p] Fr—P Vrrefs
AEE Ko7 i
—>| LEHR [P =B
FA
>— A z ﬁ I ; I >l
PS —— N/IN+1 fe—o AIN—4
Fr—y =
Counter vcoj

i i}

PLLIL—F/RURIEHIETOYS

6-3-2- 1 L — 7\ Fig HBREEEN & A SERSBRAY vy A FDTry s

X 6-3-2- 1 (2, Al A Fo7Tay 7 KErRT, 7 a7 KL, (AHE
WEEE, ZF A R T ey 7 BERRIE T v v 7 EHEBITERARIR R L ONEE 5
IO S TS, PLLOL—7 /3 RiElX, VCOT A >, Fr—UR7REIE, B
FON—=T T 4 N ETHERIND T A NVEORFERTRESND, E>T, L—T /N R
g 2 A3 2 7= 11t VCOF A > & 7 4 VX OREBROWE % . IEFICHIET 5 0430
b,

A PLL ClE, £THIEMERC VCO 7 A v & 7 ¢ )V ZRFERCE JFERIRIZ L 0
REY 5, PLL OBERHZIZ VCO 7oA v OIREEB 2 T 2 & 0 ICIREFIEEE N T v
—VRCTEREELL, T4 NVEREREELSE, V=T N NiEE —EIZfRD LD
I 21T 9,
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VCO [B] BA% Ak

.
C )—><—1 ]
M, M:a M4 M.z
/4 /4

6-3-2-2 VCO DOZEBIR T — ¥ DIE|HEHERL

6-3-2- 212, VCODZEF X T — VORI Z R~ d, LCHIRIL, BARREL
BRIGENHE A X EBaIZT A ENTEEN, A N N—FF=2—VEIETIE, T4
VAR T DAZEMERNT 2720, (il A AfetExm LS E572012id, 7 v
ARAay B2 A RELS LDMEND D, Thbb, HEEOWKR L RO
LT, A RRHEOR EICIXRA RS 5, VCORIFE X, KIRTEZBAT —T %,

5 Betiéi L TR %, Ari Hajimiri 5 Of&iwIC b & 5 K 9 (2, VCORIEDREMERIZIL, T
LT ETRHHBTDCRBDEEERVIED D, MR A AWVNESL 72572, BREEIEE
#1531 EMps & Mn1 DA 23— AR E U FBIRIRIED 1T OME 2301 5 X 5 IS 5 [5-6],
F7o. Mns EMua L, IBWEEZ 7 70725 X 512@&, EIRPFEMp & Mpe 28 FEEFIFIRIC A
LRk oL, BREBOREEZEMT 5, MOS K7 v VA X FFITEARMIZ U/ A4 X
MREND, =R EAL vy F 779V ZATHRE) L TR, /A RITREBICIE L 1/f
JARXPRIEESND EBERZDZEINTED, o T, ZIMAT —VDERE L AN FEIR
JEARENZ AN TN E L 2D K OIS, ZEAT —PDOEITZWIEI L, bod
b, BEEERRT 2 N T U R NEL RNEE OGSO X 570, ZEAT—
DBEINTIREEPAFET Do KEIMAT —VOHEIT5BBKETH 5,

Vtol ZHa3%

VCORKFHIRBWT, BIEEMEBRIOREL, VCORAT —UARIK L [FIARIZEET
b, PLLON—TF /N0 Fig & i 585681205, VCODORIRR KRB EILTE 57210 #
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FTdb %1% 9 MVCODFKIERIE DI L v P TL—TF N Righ —EICTE 5, - T,
T&E DT EEZ R U DRAET BOH ) A A3 7e 7o D X 5 7 BIE BRI
RKOOEND, BIZITERIEEEZ N ESEDFEE LT, K 6-3-2- 3 ISR X972, EEH
g 2 W EEERAREIR Z WD Z &2 b,

6-3-2- 3 THBEIMHIEIRZ A7 Vol BB L /) A XPR

ZOHA. K6-3-2-3 TRLULEFEOVulZEEND /A ARFIZOWVWTEHET S
L UToR6.3. )0 NN,

%/ng;+MM/RﬂJ:=0 (6.3.1)
VCA/+V”:Vout
o, KB.3.DEVVoullEEND /A XL, ULTOH(6.3.2) 705,
R 1 +1,)-V. / — — =
V., = L(Rv(LF: DV A) LR (174 T) 4V (AR, 6.3.2)
7L+RV
A,

2T, AVTEEEIESRD A A L TH Y . nlIEEMESEICEEND A X
KA THY RLUITZHAIPMOS KT v UAX DAL X7 Xy ADOWE A T, ZEEiES % ¥
6-3-2- 4 | TR T X H 7, —BEIESE & LT A OVl W TEET 5,
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Vout

Vp O—' V. '—O Vi

6-3-2-4 ZEBHEEMEE L /A XPH

ZEENHINE RIS D ) A APz B8 LT/ IME S5 MR 4. X 6-3-2- 5 (2R T,

Vout

6-3-2- 5 / A XYM & /MEBEAEEIE
[ 6-3-2- 512~ 9 A B K 0 HiA A REA L TD & LU O HFER(6.3.3) 23 L 5,
V,/R, +(V,-V,)/R, +1 +1,,=0
V. -V)/R, +(V. -V, ) /R +V. /R 1, —1,+1 =0 (6.3.3)
Vo, /R +(V,,, —V.)/R, +V, /R +1 +1,=0

K(6.3.3)DE N HFFEREZFHE T D L. HI1 ) A AVoulZL FDOH(6.3.4) L7 D,
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R R, (R, +2R) RR. (R, +R +2R)—— RRR —

— L''m S I
out = Denom o + Denom laz + Denom " 6.3.4)
RLRin(Rin+Rm+2Rs)+RLR Rs | LRin(Rin+2Rs)_RLRmRS|_ -
Denom Denom '

~.Denom=R,*+(R_+2R, +R )R, + (R, +2R,)R, +R, R,

2T RalIH VU RIS T =T U RAFDOEREHEI DO TH D, RnDAHIIHU6.3.4)D
RN THOEPE LV /hNENnEEZ ONHDT, R6.3.D)IFLL FToRICHEIRIL S 5,

L |n(R +2R) L m(R +2R) RLRmRsl
Denom oy + Denom oz Denom
LRin(Rin +2Rs) |_+ RLRin(Rin +2Rs) I_
Denom - Denom "

OLIt n

(6.3.5)

T2, AHAZ A VAJATATOR(6.3.6) L 725,

Rin RLGm (Rin + 2Rs)
Denom

(6.3.6)

A =
it> T, R6.3.2DF _HV/(ARNIE, LTFORB.3.NTHLDOTZENTE D,
V. I(AR) = (I, +1,+1_+1)/G, (6.3.7)
o T, b=/ A XFUTOR(6.3.8) T S 5,
Vo, =R (I +1)+(I +1,+1 +1)/G, (6.3.8)

Wiz, X 6-3-2- 6 @ITd. V—AT 3 u U ZFFOVtol B Higs DR/ A REMEIZ D
WG 5,
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R
R

1!
¢
¢ Vout L Vout
Vin o— N In
Vs
Rs Is
(b)

(a)
X 6-3-2-6 Y —RA 74 BT XA D Vtol BHIEL ED ) 4 XEF NV
6:32-6 D)D) A REFAL LD, ) ) A R%ETH L. UTFOR6.3.9 L7425,

Vout = :
(Rp +Ry +Ry)

(ReRe 15 +RyRe 1, + Ry (Ry + Ry)1; ) (6.3.9)
ZZT, ReSR,RsTH DB EEBEZHNDHD T, Vo, 2(6.3.10) TELIFH S5,

Vo, =R (1, +1,) (6.3.10)

out —

Mo T, /A RXFEOKEWR LGS, V—AT7 40U XA TDIEH D, HEEH
Bera D556 X0 6, i) A X&EEZ 30D 1 RBREICMADZ ENARETH D EEZX
S5, BIEHEIZEERES X A THEN T DN, MAH A AHERE LW 2D, 4l
XY —A 7 4u T %A 7D Vtol BT 5,
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TA KRBT vy
AGYBOIA Y YA YTl =T N RIEE EMICHES 2 BB R B D, L—T N

v NIEZHIT512i%, VCO 74 v Ol L. PLL OF v — VR TR EE O T 1)V
HEFESE, T 2L ERD D,

AVUNTYTE I GYBZES

VEOAS ———+>AT25 54Y  fe—— HAES
v -
FALY o ALY o LZ) | os o
wem [T weFR [ | EE [ COORES

6-3-2- 7T A VEHETa v r

6-3-2-71C, FA UHIET ey s 0T ey VAR, £z, K 6-3-2-81TiF, A
YT ey s DA I T TF v — Nemd, U VT ey 7%, 5 BRED 2 IR
TIZEODTA VEREEITH, TTVCOIZIX VAR E L, VCOHNIZA T 22k v iy
Y RT v END, ausecOEFE I T N T v IRNTOILS, WRIZ, VCOIZIEZ IV E
. SEEFVCOMMNIZE T, AU EDAT Y NET M Thivh, BV ZDT v
BELIOF T 8T, VCODORERMEE) X o &72D DT, GRS H v ZITFk - T-1HE)
X1/ a=VCOFA v EHETE L > T 7 A U HIFHEZ FTEOMEICRET 52 &I2L Y,
VCOZ A > OFIFEHNRD BTN TRIE & 72 5,
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Binary Search

\4

;L ;L
rr L Ll

A 4

X 6-32-8 SAVHEIETRYy 7 DFAIVTF¥—F

U

AT vT e HFT OB el FA VREREICL o TIRESIND, 5FSyE4
Ax &

1£40 TH Y, BIEERET A 13 280MHz/V &% &, %O 7 A 1L TMHz/V &

25, 1%DNEEZRD 572 51%, 0.07TMHz OE Ik L CTh v v ZENR, 1L EOfEA
EAUT VWD T, o OFEIE 1/0.07= 14. 3usec L EHE I NS,

FPERHE T 7y 7

P ERGHEE 7 1y 7 Tl AR REEZ T A 7 ey 7 LRICTH DA, A

U NE T U ELT O MR, BEERGHEEIL, VCODORDb Y IT, A X —FIERDIIE
B A T bT 5D, v AKX —FIRar ORI Z . X 6-3-2- 9 12T [9],

¢

(a) =] A A

(b) FE R
6-3-2- 9 < A F —FiRA D HEAEKL & BIREITE

v A B =R DRI P37 — MNEBIEORENER TE L L L

T25%E. ~ A X RO RIER I HDummy_Freqi3(6.3.11) TE I D,

Dummy _ Freq = le

(6.3.11)
2C.
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PLLO NV —7 30 Rig o 1%, ITPENZLL FOR(6.3.12) TRHEIND,

1/2
a,:( '2P _Ké ) 6.3.12)
/A

T LTy =R TER. KX VCO 71 v, Cldn—""7 4 VX K&
T, VCO A NI T TICHIBE SN TWE D TH & 13 I/IC ZHIEHTHIZRL . ~ A ¥ —%
AR ORIRE W I 1/2Cr ZHIE4 5 Z L1k, PLLOA—7 "0 R, Fv—Y KRy
TEERBEOMMEE CHIECTEX 5, vAX —RIBEGOREREL LTH, 1%UNDOKE
EERDDLZ LT D, BEIO~AY —FIBGRORES —7 v NEW %, 425kHz & 31
XD Z OEEWIM A Busec & LICHE AT o ZEIZ 425X B X 1000 TRELSN D,
FA IO & RS, BRI 1% E ThH DT, 4.25X g X1000>1 & 72d
v, o T. B=1/(4250)=23busec LEHHR &N 5,

YR A A T B

6-3-2- 10 |2, IREMERIEOMEKE R,

Vin
B0 * > 4EAD I
[I] * Const. Current

Current oc Temp * I
out

6-3-2- 10 15 BERHAE [E1 8 D [0l BRAE AR

6-3-2-10 T, AMIDO T 4 — KRy 7 )—TFDOERIL. HOEZRr & THUE,
Vi RRO—TEEL & 72D, Fio, RO T 4 — Ny 7 —T7OEHRIT, BHLOMERLE TH
X, Vi VD)/RLE 725, ZZTHA A — REEVDIZH NS ELEIL. -2mV/COEIE TR
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T 5, o T, IREMERKOHIIERKLuw X, L FDOR(6.3.13) TEIND,

i V. —(0.7-2 t—273
lout =V—'”+( n = m( )) (6.3.13)
Rs R,

K(6.3.13) L W RRERLODENRETE 5, Vin=1.0VE L THIET 10uA, 125°C T 13uADiR
FEZALDER L WA, R6.3.1)ITEARA L CEN FFRAA < 2 & 12 X Y Ri=65.3k
Q. Rr=184.9kQ D% 1525 Z L3 TE 5, Rré RLOMKIEEL(IL, FIHI O #y & S
Tay 2 EEIT Y, Thbb, EEOF v — VR TOF v — VERIIE,

(6.3.14)

| :a[vi+ (V,, —(O.7—2m><(t—273)))J
P Ry R,

Ly BREHGRAE T ey VN a BIRET D, (o T, EPLOMIPEELZENIL, o 2RI
i, BIEE 7252 L1,
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Yol 1o

| LE8E MRSl
| (H==< Q Th2E vk iSH i
I EE
D
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+ +
Mreg

X 6-3-2-11 AZZEFHEmTuyrX

6-3-2- 11 (2, AFractional N >4 A FiZH W=, AXEHRGOT 2 v
Zx9 [10-13], A DEFHERE. 2 IROEFIRD 2 BACIBHEGAER TR S 4L, 4 IR TS
RS 5 [14], B EEBRERET D ANK regDT —HlEIX, 20 8> hTH Y |
DA ERET DM regD7 —Z gL, 98y FThDH, ALEFBOHINL, VAR D
0= RIS, B8 By NP T U A EERE L, FAL2 By h3SH T
AEERET D, WVARAT A=A RILL>THIEENDT 2T VEY 2T AT Y A
=7 O, 45 3ATH D,
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FTaTIVET2TRATSY R r—5

Div1 Div2

Input CLK © >1/2 p—e—>1/2 p—¢—>oums
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REN ouT4
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DEAIVTTF XY — e, TNENTRT (15, TaT7VET 2T AT Y RATr—F1%, 24
D 1453 EERD 2 Bt B PR T, me="Low’ D¥-AI2IE, D £ % 445 Eg L L TEMES
%, mc="High”®&E121%, D EROER&EDY A 7 L (out2="High”$ L Qoutd="High")iZ
BWT, Divd DUt h L ARERENDSREN="Low”) Z &1LV, Divd k0 Ut&v
RV ZABRFEAEL, Divl &Div2 2 1 7 1y 7 D, AV —=RELT D, -T, 727



WEDY 2T AU A r—F 1%, 54)EmE LTEET S, ZoEEFROF EIZmeDEE
FTIC35 7y Dy T vy TERNRNDSICH D, Tty T v B E LT
IR TH D,

4R
P A s TR

4 e
A

A A 4

PS-h 42 4/5-DMP <—o avﬁfa

6-3-2- 14 HELET v v 7 2EX

6-3-2-14 1%, DN ET e vy 7 OEKRKTHD, PSHU A HNICEY, 4 kT
BT EIRENEME L, PSA U A EEIET D, PSH T X DREMEIZLY, 45T
2T INVEY 2T AT Y A r—TF OBEEIENIRE SN D,

6-3-3. RIEHER

PLEFA LSSy A 3%, 0.13umCMOS 7 o+ 2 CaxatilfE L, =it
HEZ 31 L 7= [16], 6-3-3-112, TANFYTFOULAT T NERT,

Fil. & Gain

X 6-3317TAMFoFLAT T
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F v 7 A X012 0.9mm X 0.68mm TH D, T/NX 7w EHEEE .
[B]3% % & ¥ 727 — b A X%, 5500 7 — K TH 5,
EP. VYA FOA—T N FIETREMEORRE1T -7, 4 6-3-3- 212,
VCOS A Vil T A — 4 &AL SR 856 D, VCORBRIMMAIE % 7T,
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ANBEL]

PHENT A —F 2 BL S ETBE D VCO A B HUR
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VCO»” A v ii#tt OVCOJE R %, 10 7~ 7B L THIE L7 /s R 2 R 7,
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ZOHAED, VCO D7 A4 NEL X ERREZLL T OFITRT,

#6331 FAVREEDVCO DT A v Lhlila—F

MIN AVE MAX g
REG 17 17.22 18] 0.44
Gain 275.6 282.2 285.4 3.1

#6-3-3-1 7025, VCOZ A 3. 250 725 300MHz/VOHAEENIZ, HlfE ST
WA Z EMbnD, X633 4I121%, FFEEGIE Y v v 7 O~ XX —IEiRas DRIEW T %
R,

425KHz

<[] T (o) =1

X 6-3-3-4 ~vA¥—FiRFIDOHNIEH

TIREIE BB T D 425kHZIZHIEI SN TWA Z R bhsd, F7-. [X6-3-3- 51213,
BIREEE YV T L—vardo, flEEEoa Y v 774 TCOBREE R,
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SFI—SERHEES
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8
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6-3-3-7 X v, PLLOH A% 114MHz» 5 174MHzORBIZHBW T, il /
A RAANY b ® 10kHzA 7% » b5 300kHzA 7 &~ N OHPA T, (ifH/ A4 X L~L
23-90dBelL Fiz, Ml &N TWD Z Enbnd, £72, CMOS k7 > P A X OEREEES 23
BAL LEEHAICOWT, X 6°3-3-8 75 X 6-3-3- 10 IHIINA ) A XA bvE, %
NEIRT,

-80 |

|
-85 FF Ta= R:r N=5

E -90 | "154 lik

) ] f ”T it

m 95 a ﬂ* 1?"' } ]‘
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I
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-100 |1
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-110
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-115
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Phaes Noise [dBc/Hz]
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6-3-3- 10 PLL OHIAIAH/ A XR T M USS F v P b Fv )

ML Dond L2, 7rEREL0ERF v FELHOXICHKRR, 2TOF
v 7T, A= FiE(A50kHZ) 2 L TW5D Z Enbnd, T77bb, A—7 3 NiEH
FEEIPES, ANHEL TV D Z LR S,

7 6-3-3- 212, ALSIOMRERE LE £ & DD,
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X 6-3-3-2 N—TF NV NIEHEEEN A Z 08D E Y 21 FRExT

Input Freq . 26/3 MHz
Divider Ratio 23-47
Freq . Resolution 8.265Hz( Input Freq ./2%°)
Orderof AX 4
Phase Noise <-90dB @10 KHz -300 KHz
Spurious Noise <-40dB
PLL Loop Bandwidth 150 KHz (+3%)
VCO Gain 250 M-300 MHz /V
Power Consumption  30mw{ £4mA 00
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6-4. £L&®

LIk, REIOBIE, BAAE 2 A ARt a3 A DEEE Y e A R AT
L LSI ETEBTDHZETHoT-, FORD, /) A XFEICE DA Vo N—FF = —
> VCO &AW THIRNIAR ) A AFpEZRBICE 5 Fyk L LT PLL LV —7 3 RIED HE)
T TR Lz, ZOR%E, -90dBc@10kHz OALFH / A X4 & 50kHz o & i 55y
fRREZFF D A RS A VOIS LTz, ITORRREE LD 5.

1. VCO 71 > & PLL 7 4 V2 K§iE % PLLEBIRFICT ¢ ¥ 2 VEJIC %
L. PLL #){ER;D VCO 71 v OIREEEN %, PLL 7 4 VA RFERZ T ¥ — R
IR DOT ¥ — VB AT T r S ICE LS CHiET S, FiElo PLL V—
ANV RIERIEFEEZRE LT, o, ZORGFIEEHEZR LML,

1-1.  PLL ®o/L—7 32 RgHIENCIX, VCO & A HIfE & 7 ¢ v & B E ek
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