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WAk o] wl AEjeh At AREEAAY] gAY 25 e ofwsiH, 94
78 (Phase Noise)&, F 55 oA t]xd 259 W%
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A o Al 7HA ] @98 ALgste] Lehdh

@® MTIE : Maximum Time Interval Error

® TIE : Time Interval Error
AE Apole] $14 AbolE UEE, QAo nsol
T MTIEE Peak-to-Peak TIEC] Hizts olu|dit}, wpxjuto

@® TDEV : Time Deviation

Z TDEV £ RMS (Root Mean Square) TIEE i}ebdict,



2.3 A. AHY &EF

AHE AA F 7FAZ Y7H, Deterministic A9} Random AHZ F&#&
Rqoew T T7lEe A HIF TFAIQE AR Ao H =] fRolth 1gal A H
E A3t Ao Wl Long-term A E 9+ Short-term A, Cycle A E <}

Cycle-to-Cycle A g So& FEI 4 9t}
2.3.1 A. 7F-AIt £¥ 0] o2 EF : Deterministic XE]$} Random A&

Deterministic A|E]&, 7}$-A1¢t & ¥ E 24 g AHE nsy, o g
< peak-to—peak #to® ERolI

o] 2] 3t Deterministic A &= ofg ¢} o] Y] 7HA &2 BF3E 5 ).

@® Inter-Symbol Interference (ISI)
@® Data Dependent A E
@® Duty Cycle Distortion

@® Bounded-Uncorrelated A ¥

TG dwe] AETF AdE A Hol| o= HESH dHE Fuag S
A8HA e @bolw, Data Dependent A|E]& dHolE]e] o] wElo]
‘1010101010---"3+2 &3¢ ol ‘11111001111011-"3 3+& =8 Hef7} o}
U geo=z vy wf wAysl= A Eo)th 183, Duty Cycle Distortione HE A

Ao U ekl 920 23 0% el B9 E Ajolo] Aol <



3 A= AHE 9n|strt. vpA]9r o 2 Bounded-Uncorrelated A E& HZE

el AzeA dolg 7t obd thE o9 a4E® Sl WAsk= A EHolth
e =gt dAde mEA R, 7149 AlZdA YEtd= edge?

AF(deviation)= o= Ao AR A3FES zk=th o]d o]fF =, Deterministic

A H el &2, Random A HE 7F¢-AI9E &8 L%

et

2 maye e, 1 )

7} Alzrel whel Z=71et e 2 RMS(Root Mean Square) FHCZ et
2.3.2 d. AE 9] AFs}e] B2 7
AHE Aost= &oje vl tdsith. o= AHE AHFssts ol uek A

o}
oste Wil EelAy] otk WA Qele] NEE melsE, SN F+)

q

rr

o
it
rN

ofgr wj nHA R ‘0'S Au= =3+ AR ol Wal, ni A 57190 T2
T, =t,, —t, (2.2)
oltt. o] wf, At 712 Tt 3hd, niial F7)dAe] A AT =

AT =T, -T (2.3

7b Ak o] W |k AT o] vtz AHE onsH, dnkA o 2= Period AH kil

oot 2ela dxk AT o oial], Absolute #A/E Q1 AT, 7} ofefieh 2t

AT, (N)= iATn (2.4)
n=1



=

=

Absolute A E:= Long-term A B 1% 3, AAZ ¢4 F7] 3|24 AH
AFslsl7] 98] = AM8H T

dA gelgt HAxk AT o tsk RMS(Root Mean Square) #te] H}=Z Cycle AE
ojm, AT 2 A3t}

N
AT, = lim %ZATI? (2.5)
n=1

FAT AL, Cycle AEE B8] 27171 Arbad Asksherte) oe 2708
oughehe Aelth. Cycle-to-Cycle AEE Al 2 thehlm, oI5E & oty
s g,

AT, = lim \/ﬁi(nﬂ “T) 26
n+l

9 AelA T, 3 T, 3

T, =T+AT, and T, =T +AT, (2.7)

~ ATy = lim \/%i(mm —AT,)"  (2.8)
n=1

21 (2.6)14 & 4 ko], Cycle-to-Cycle AHE A F F719 Aol&

RMS #to =z F-3l Aolt}t, 184 Cycle-to-Cycle A E|E ‘Adjacent Period A E’

g1 FE7|% 3

gt



Cycle AE7F Qlefo] F7]9 F7]o] gkl Apo]lE on|gthd, Cycle-to-
Cycle AEl&= 99l 75 1 9 F719F vlaste] 1 oA Hejgt), —1e
22 Cycle-to-Cycle A+, Cycle AEHe+= €8, @77+ ¥HE5A (short-term
dynamics)& A3 = 5 vk wekA Cycle-to-Cycle AElE, Long-term A
B9} Blaa)A, Short-term A Egtare F}H[5-6].

T2 (2.5 (2.6)94 $E= Cycle A E 9} Cycle-to-Cycle A E <9 #A =
AT, =24T,  (2.9)
918 &S Absolute A E S EE AAE Hosin, g, = debdrh o W,

WAl zo. S u#3H Cycle XE9F Cycle-to-Cycle A ¥, zgla 94

Al obell A3 ZoH[5-7].

dlo

L
Lo
i

c)-AT

abs  —

AT. _ AT,

JAT VT T

(2.10)

o714, AT = =4 A7+ 228, TE= #A# F7)(mean period)o|t}. 4 (2.10)&
Appendix Al 1 % IAS B wpx|to g Fegdo] WA A e,
Absolute A E]9} Cycle-to-Cycle A|E] Alolo] A sl #AA ] tisi= X713+

W g7 20101 A fy 21719 F8 Fuhgrolt)
AT, :\/EATCC\/AT (2.11)
2
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2.4 2. XY T A

2. 3 Aol AHE o2 7]Eel ofs EFAUAUTE shHNE o[ el AE o] LAY

A9e gobwy]  SAsAE, FA4e B ARHD A" el ok,

QAR

Deterministic #| €19} Random A|E]9] &5 o] &3le] AY3str|= i,

2. 4.1 A, Deterministic A& ¢ A A4

Deterministic A HE F&al= YL olgie} o] v= I U

3} (Crosstalk)

7+A (Electro—Magnetic Interference : EMI)

ZA A3 &3 (Simultaneous Switching Outputs : SSO)

e 6 o o
=
59
N,
A
[-0

2S5 9 71% A (Noisy Reference Plane)

22 24904 YEbgSo], 73} (Crosstalk)®h, 3|29 7|34 trace AFo]olA]
Aol B F e A3 wire holl A E Ao R 9] tracelt wiredl

s2E AFZ A3 B 7o) 2 AME tracet} wired] FFS v A, 2

rr

A3t tracel}t wired] AHFZ F

k1
ol
rir
o
oy
o
of &

a8 242 HW, Line 1A E =glolv &
A7) %ol W AEH Line 13 Line 2 AFo] ¢

3] Line 201%= A7{7F 524 €& & & Aok o] o Line 2 f=¥ dA{F= F

Aol wgow 55 4 gt Line 1614 477 F99 How 4577} §25)
Near—end Crosstalke]#} 3ta, W2 T 25 f % AF=Z Q3] WS +312
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Far-end Crosstalk®} &th. 19 2,494 = Near-end CrosstalkE st AF
E leaBt EAISFS 3L, Far-end Crosstalks +%38t= AFE 1,2 YERI AT
o]ZE Line 29 FE% F wWdko] AFE <13, Line 29 A9 (potential)7} ¥k
T UL, old 918 W-Eo] Line 20149 AHE fsiA o
Deterministic A6l & st 7+ HA A0S w2 dx7]14 7H4 (EMD o]t
AR Adolst, 9 25004 Btel, el Aokl A Aoy alF del, RF
AT a2 ol o8 FAE A7l d3E wired G VAN AFE F=
sk Aotk AArA ] A, FAE A7l oel A% wireol

7b 327 Ha, o] AFE 8 A #YdTE HellA wakel vseina &

2l A3 =9 (Simultaneous Switching Outputs)o] &, Ao o8 79 =
2 pino] #2 AEHZ HAIHATH, Vet Ground planed] AF2 HZ(spike) @4
o] MA¥ElA oL, o] MFe Auto]la dAo] EdMAAHO 8 M (threshold

voltage)E W3tA7]= @& =RTh o] wf o] &8 Hgte] ®gtm Qs HAo

M

Slew Rate7} ®g}atAl ot

Slew Rate®] Wist= 2137 ‘0oA ‘T'2 ASsEALU ‘1A ‘02 sHdste
Alzkel WstE oustn® Ao AHE FUstA o

Vaatb Grounde} 28 71& W
s|mEe] L8 Aol WistelAl ¥Har, o] 8 A W7 A5 Slew Rate
& ¥t wepd FJAES ¥ 7] WH(Noisy Reference  Plane)®

Deterministic A HE 93t W<lo] Hr)
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2. 4.2 . Random A9 24 A

Random A|El:= WHEAS] 4 FxoM des 4 s,
g &

EAE s Akl A 9 s, 28 BAF A4 2

AT 4R doH[3-4].

_14_



ol HolMe & =ws f8 AAT PLLe dis &7istth 42 0.18[im]e]

W, HspiceE AF&3to] A Ed oA st}

—

3.1 4. #+4 £ ¥ PLL
3.1.1 &. 9gA/F34 AZE7] (Phase Frequency Detector : PFD)

= AT AHEE PFDE W& T3¢9 4=l in, divE WolA up, downs =
Al S35 AFR3 PEFDEA, 19 3.13% 2t} o83t ++%¢ PFD¥ dead

zone FA7F slA®E FZ9 PFDEA, 7 gate-delaye|™ <¢F 0.2[nsec]e]t}[18].

3.1.2 A. Delay Part : 1 E]$} Pass gate

=
| AREHE e A5 Ado] AsHA =i, o]
g Az AALS At gHEole eakE gy weld olE wAsty] 9
PFD®] up Azl WY F 7I& &3k, down Alzel QIWE shpel A|A 4

ARl pass gate S A3 ol& 19 3.2¢] YEMAL
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3.1.3 &. A5} ¥= (Charge Pump : CP) ¥ X ¥ (Loop Filter)
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3.14 A, A¢-AF ¥W&7] (V-1 Converter : VIC)

B AT AHE VCOE T AY Aol Ao R FHFASE 2Uw) o

Aol A% 27 ‘fast, ‘slow'dh @Y, FL AHE B Fo] shfoluz 3

OF-AF Wavloln IR 13 3.59 )
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3.1.5 A. AgAojZA 7] (Voltage-Controlled Oscillator : VCO)

rlo
N
i
my
=
18
o
(d
i
o)
T
N
o,
kI
Ip
offt
X
o
_}L
O
o
o
o
a:)
2
9
2,
°
o,
2
ot
9

Aol Mol webd VCO9 &3 Fa7t ®stE = olfr, AF AHE 9 -3t
of W& A3 APAE =] WH3p wfiEeld], ol 2= A< (time constant) RC
7} Aol dstel wet Wskghs ofngith. 1y
2l ol AFtel Qe Fol W FisE WIAIITH18].

a9 3.6° et AbE =49
=, A vle]ol 25 9% PMOSe &9 #d e &S dAsH FAATIE
diode-connected e F3}, & v Fy4E A = @ PMO
Ao 2 o] Ao} (slow)oll wheh w3l

T 7R Aol sl slow, fast® <13
Ak ®SE ZHA |1, ol VCOe| 453 H7tetr] ffsll Spice AlEdlelds
sASAY. 2ea O Ay a9 379 Zor, 0.2[VI~1.6[V]Ie w2 Aol W

olo] w2 2.3[0k]~3.6[0]1¢] &8 T35 Zev ag8a ¥ HEtE

O

o}
agste] SS, TT, FFY Al 7FA Z& A2~ 54 (Process corner)dl thala]l Al &
A

S Fdseleh. o Az, a9 3749 SS, TT, FF Al 7HA steho g

tlo

s}o
= U

3t AlEHolAE B3 2T HX F35¢ 3.125[(k]E 2T S

1o

i

FAaL, VCO®] o] 52 oF 1.08[Gh/V]elH.

O
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3.1.6 A. 94 £F7] (Frequency Divider : FD)¢} Differential To Single W&

71(D2S)

oAl ARSE Fuk 2571, 29 3.89] tholuyn] HAE AFE-R D-Flip

— =
._[_zsl—

5
il
Shs
il
+

flop 37/0E 43 8EF7]o|t}. o] BF7|= AW 4.5[0z]e 53

2, F 3+ Differential To Single W2-7](D2S)7} Q3. 2 =FdAE 85
71E F3 Hdl 500[Mk] Fxe] AEE o A&

o] Z)wAQl P2 AHgaelth
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% 3.8 thojue A

il'lfu_{
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719 3.9 Differential To Single ¥W$t7]9] 3 2%
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3.1.7 d. AA PLL 329 HA = AEHIA

A4 E5EE 19 3.109% 2ow, AAl" PLLY 45S HAFst7] $18 Spice
A EY ol AL kAT 1Y 3.118 3.2[0k]oA 2 Ao ALS yehd A,
Aol At ‘slow' 9} ‘fast’e] Z2713S 2% 0[VIZ Asta A E# o)A 3 4dzjolr},
o] ] ¥ A% (Damping factor)¥ 0.707°]3L T3 9% (Loop bandwidth)&=
20[ME]olv}. 1ejar 1¥l 3.1191A4, F71%= AR of 850[nsec]ds & + A
=

wpA o 3 3.1 3.2[0z]¢] FIE F9T W PLLY A5 2 AF%S U

ATt
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D25 [ Divider

1% 3.10 AAE PLLY &%

T

i
[ ] T Bl LT ar

T mard | Pl

a9 311 AAE PLLY Alo] At =+
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I 3.1 AAR PLLY A% 9 ALY

3 = s B ALY
AHE FA F5 obd CMOS 0.18[um] 1P 6M &4
A4 Fup 400[MHz]
28 Fn4 3.2[GHz]
2 A5 0.707
23 go= 20[MHz]
22 ggo A3 1120[Q]
=22 P AWAH 62.5[pF]
VCO °|5 1.09[GHz/V]
s 3= AR 200[pA ]
B5E 8
Z7] A7 850[ns]
P2P Jitter 1.25[ps] (=0.004UD
AHE A9 1.8[V]
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A% F71 EE TS EESS f/F35 A=7](phase frequency
detector : PFD), A3} HX(charge pump), +X ZE(loop filter), AA| o] L%7]

(voltage controlled oscillator : VCO), 34~ #F7|(frequency divider) 5°]

kool F, 919 B7] 329 Al GBS VAL Fo BIE AgA 2]
o EBE, T A AYFE 4B, Fe 27 29 AHS w7

=
ol H7I% ARt 2 Gk AgAlelExI7]el nlE) W] EteH[15]. whEbA,
ol FelM= 1 57 Bz AY 5A4E =ohr] Ao, =wollA A" 9%
7] 3Eo A4 BF T, A Ao Hsd 2 Deterministic A[E el o3|

7P 1A E50] AGAIETYS Kola, AskAlofEdrIel A E EAl o

4.1 4. 914 &7 3= 74 EF e AHF v

ol HolX=, o FellM 2E A 7] I2E AREst 72 A EFA
WAk A B S AlEdeldS 8 Hlausta, dAlodx7E 9 §7] =
o] AHE WA= 7P Fad EES ST

olZ 93, YA/F14+ AZE7](phase frequency detector : PFD), ¢I1¥E 2
Pass gateE ¥ 35l+= Delay part, A3} H~(charge pump : CP), A¢-A7F W3t

71(V-I Converter : VIC), A¢A| o2 7] (voltage controlled oscillator : VCO),

g BF7)(frequency divider : FD), Differential to Single W&7](D2S)el z}z+
Ao Y HAY FES UM, A 57 F2e AHPZFS SAHESY aga
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dlo
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o
By
o
e
v

32 29 41 ~ 4.8 B
2% 41 ~ 4894A, 9 B HzelA AHE fUshe 7
so AgkAol w170l ol HekAolwK17] o] AE o] 60 ~ 70%

Fgo=dAa 4 5 3
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Jitter
[ps]

Jitter vs Magnitude of AVdd

30
a0 —=— PLL
il —"__||——vco only

il PED Only
60
50 - s CP Only
a0 T ——FD Onl

o ‘.-""'f‘.r ¥
30 +— VIC Only
20 :f/f o D2S Only
10 . . - +||——Delays only
n E - i - = T
0.001 0.002 0.003 0.004 0.005
Am
a9 4.1 A, vs Jitter
D25
viC
7.80%
FD
2. 80%
vCO
£1.55%
CP
15.77T% PFD

2.63%

9 4.2 A, vs Jitter @ H]-& vl
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Jiter S P
[ps] 100 |— e —+—VCO Only
go FY—a, e, = —=— PFD Only
\\ o CP Only
&0 \\_“:\: — FD Only
a0 +———|——VIC Only
5 —+— D25 Only
—— Delays Only
n —-
12 14 16 18 20 22 24 26 28
fm [MHz]
a9 4.3 1, vs Jitter
6.08%
FD
6,85%
cP
12.23%
PFC
5 30% G, 2%

18 4.4 f, vs Jitter : B & H| 1L
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Jitter vs |l oop Bandwidth

Jitter 140 .“‘\-. —+—PLL

[ps] 120 \\ —&— VCO Only
100 —=— =~ PFD Only
80 N CP Only
0 \‘\ ‘.\hw —u— FD Only
i e —=— VIC Only

=———= || ——D2s Only
20 . . _ . —— Delays Only
1]

1 15 20 25 30 35 40
fn [MHz]

a9 4.5 f, vs Jitter

D25 Delays

VCO
68.85%

18 4.6 f, vs Jitter © H]& B
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Jitter vs Damping Factor

Jitter 100 +— PLL
[ps] —+— ¥YCO Only

80 Wi 8
\ —=— PFD Only
» \

CP Only
FD Only
\ —e— ¥YIC Only

40
20 & —— D23 Only
* ||——Dpelays only
0
0.5 07 1 2 i
g
3 4.7 T s Jitter
D235 Delays
VIC b 79% B BE%
7.94%
FD
8,66%
VCO
65, 26%

CP
18,98% PFD
7.94%

29 4.8 Tvs Jitter 1 ¥ H| W
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4.2 A, AY ALY ®WHF wE ALALZ 7] (Voltage-
Controlled Oscillator : VCO) A< A g EA

W, QMEE A S BF woE TAHM, A% AWEE AgeE P95
o)

, W X7 des AHel| A9 IS WA

WR7VM A kel MEor e Faol wAsa o2 s, v &

g Az EsuA fde et s AE7E s "ok dd Aol &

18 410914 ¥

oty
ol
rir
)
(o,
2
jincs
rlo
s
v
-\
K=
B
oX,
M
o
4
s
%0,
[o
=t
f
Sl
1%
o

el A Hdghe] A Fuper wWspdtal P ¥ 4SS SR WA
A4

[e)
1 =

H3va 7hdekal 2Evd, dd dstel waksk AV, (D= ok A

Al Vgeoll, ekl A (4.3 e A717F Aol Fa7h 1,90 ARl

Wl

AV, =AV, (t) = A, cos(2Tf,t) (4.2)
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GND

19 4.9 Bonding Wire® <& Yehd 7] A
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4714 $et A9 Agtel WEel weh wxv)e] Fupgvt Auburd waksh=v)
g e Az G018 Aelslor gk olF WAl HE K, A ol

43} o] Aejg},

K0=Af

2 (4.2)3F (4.3)01A4, 2719 &9 Fapgo] wstdl Af) = va3d 24 "k

1 ~ —

AT(t)=— -l s Aa
£, +Af, f, £2

Ocos(27f,t) (4.5

o] AloZXE Cycle AE ¢ Cycle-to-Cycle A Hd &3+ A& F3517] &
AT(t+T)§— w3ek % auto-correlations TR Appendix BFE]. ©]
T A dobstzol, Cycle AIE$} Cycle-to-Cycle #[H 9] A7} 247; ‘ot 5
71eke] ztolol wigk RMS b, ‘b F7]eke] Afolo tigk RMS #k'o]7] wii&o]th.

A &7 B RolA, V= AY/FEa AT ds HEZREE e BA
NEE F71AH R WA " kA 94 571 32 Long-term AEE 3|2
ZHA1 9] dynamicsel] 9GS WA "ol 2P R W47 AAvS adste] AEHE

¢lolH = Hlol+= Cycle A E 9 Cycle—to-Cycle A EE o] &3t}



2 2
AT(t+T)AT(t)=%cos(2Tﬁ‘mT) (4.6)

O

tlo
)
jins
o
5*)
)
v

Aolo] o3& Cycle AEHE F317] Y= 2 4.6)9 19 ‘O

npz 7R 2, Cycle-to-Cycle A|HE 1=

AT.. = Anly \/1 —COS(ZT[f—mj (4.8)
f

2
(6] (6]

ol wf, £ [ fy<l A%, 2 4.8)2 ot 2 4.9AH Fedrh

O

=, Cycle AE= A A%k We Fa49 | 3 daglel €743taL, Cycle-
to-Cycle AE&= f ol vl#ddS & 5+ doH5].

A 4.1 (4.9 AR AAZT VCOE AHEsle] HFsinh A% VCoe
AdAE A A 1.8V7F Foxa, FZ HEHZFE 0.88Ve] Alo] zgto] <7t

_Er
HW 3.2 GHz9 A3 & F9gt}. o] uf V& 1LAVAIAFE 2.2V7A] WStAIZ



o] MstE F 410 YerlATh 7]

BE 2v7iAe] g AFEATE Aol ot Awdew WY Aste] Au wsl
e A9 Aol £10% AR F7) WEelth dde] BAL AH T@ K,
ghe obdlst 2ok,

K,=2.65[GHz/V] (4.10)

223 V9 @slEe +0.2ve|ne,

A,=02[V] 1D
oltl, T VCO9 =¥ FuE 3.2 GHzolBE, Cycle A H+ t&3 Zt},

AT, =36.6[ps] (4.12)
A @DAMAT Cycle AE= £ o &atglel dAsteh A £ 9o @he A4
3 WA AEHIAE FATE F, Ao gg olEX 9} Hustgrt. =&
Cycle-to-Cycle AEjol AN E Z21e] g tAg F, Agdold Azt ul

skt ol & 29 4.12, 4.139) JERIAT
A&l AS 98 £, 50, 100, 150, 200 MHz¢] ¥l 74 gho.z Astglom,

&l

o] e VCO9 =¥ Fu}rel 3.2 GHzETE v ztomz A (4.9 A= A
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W41 A9 Aol W] WE Wxvle Fe Fus v

Vi [V] $2719) &Y F3 [GHz]
1.4 2.14
1.5 2.36
1.6 2.63
1.7 2.92
1.8 3.2
1.9 3.45
2.0 3.69
2.1 3.89
2.2 4.08

Yid ve Oufput heauency

frequency
[GHe]

1.4 15 16 1.7 1.8 19 2 21 27
Wd [v]

o MBe mE WAl £ Fug v

a9 411 A9 A




a9 412 A9 A WEd Cycle A H

a9 413 A kel WiE 3 Cycle-to-Cycle A E
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% 412, 4.13904 &
453t A dA st

4 (4.9E f,0 f,9

o slFate Aol wxv])e] A

12 TYsE 22 A A

G

A71= 3axeE | 27l
2 wx7]2 A= A "AAe AY Mool BETE A AEH EAHL o}t

@ I &9 UHHEHY A, f o] f,9 39 HiFuirt HE A
Z( fm =3f0,6f0,9f0 el g7 AR 2718k (itter
peaking), AHo2E f o] F715td] wa AeEe i)

® 35 <HEe B9

olel i shikel el A9

@ = d=dH9 UHEY AL, f o f,9 FFurt HE AA
( fln
peaking), AAHoZ=

=fo, 26y, 36, 4o AR ABZE 3H27) 7kstedGitter
f ol F715te] W} AEE Fado

® A% AWHY B3, 9A 42 A Tt
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183l

1

T
T 3

Random A E]¢} Deterministic A Elol z+zF t)-$%t}h[14].

p
=

31 5(Inherent)9)

o] wj, PLLe] AH
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oJF AEH=Z
5.1 4.
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ojn
XH
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o
T
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<A
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L

R
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7HA1 719, VCO

el
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el
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=
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=
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model approximation

VCO noise <— Input noise «

*p

log

a9 5.1 49 25 FS3 VCO o=z 213k PLLAIA S A ¥ 54
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o] wmigo g <d=H Az VCOo Wigk e HAY F<Noise Transfer

Function : NTF)E 3t v £1vH6,16,17].

H, (s)= Do = KionReCos Ky _ 2ws+g (5.1)
" D, s+K  R,Cs+K,  s*+2lws +
() 52 52
H,.  (s)=—ut = = (5.2)
veo (3) Do 8°+K,RpCps +Ky, 87 #2208 + G

(&l
=
18
e
o

I
=K Koo =m=E—Ky ©13L, PLLO] 93 Ao F

o714, K
2TING,

loop

ol obel 43} gk,

& 1 CoKyeo W = IpKyeo

., 0, (5.3)
2 2TIN 21NC,

Z:

2L

o714 Rpst Cp= T3 LEO A&y AsfA|H 2ol [pe W3} HiZo &9
FFolal, Kycor AAIEX7e] o]5[Hz/V]elth 18il N& 57|19 &5
(division ratio)©]t}.

o] wj, Ztzto] FEdel tigk PSDE th&3} o] gojEw,

So.in (S) =—|Ha (S) ’ N, =K, et
N 2 (5.4)
2
Se.veo (S) = szCO ‘cho (S) » Nyco _K<2),vco E?ZL
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o W, Koveodt Kol 212be] 2% 2¢ 229] ofSolm 1 sl [Ha/VIelth.

aglal e, [ V/NHz 1& 9 3+8-9o)t},
°olg mgow A BFE WA 04 7 PSDE #AE Lolnd offel Lrt,

o2 :é [ 84 (f)sin’ (€AT) df  (5.5)
(6]

21 (5.2), (5.4), (5.5)°]A VCOZ} WA 3+ o= 283t 79 PLLAIA S AH=

ofel )7} o] WAL,

2 2 .2
ol = 4ch0 j 5 g (nran) (M8 4 569
“ls* +200s + 6|, f

9 Aol A, AT/k 18] AA e AS, F F7le] P ou) P W) A 2E 4G
o= B A5 G 1 oo s AHE Haue + dvkw LA Yk

o]l 4-¢] AH7} "= short-term A[Ejo]H, AT7} &gs] 2 Z-5-ol= long-

A= K

t}9]. =, long-term A E&= \/7 / | vldgic), ol 9} & YA S A

gt ol 4 (5.7), G.8)F 2tk o AL A (5.6)% AT Ao, AAF

rlo

term At F2=d, 1 3%

N g2 FHel Appendix Col Rth Ao 54 A 943 A4 (& 124 22 7

$9} 1 ol4kel AS= tpro] Holaloku Sl
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(<12

o :(4T[2NVCOJ L, g i AT (sin(wdAT +6) _cos(oaﬂ")j -
at ) 20w, 2(1-2) ) {w '

oM.
o

Gt = 41N, o 1 Y 20 +(X_2 —obT 203 +E (5.8)
o o 20w, atb a a+b b '

A [Mﬁ%}} K> ol™, w,,cos B a,b, o,BE Felshd ofehst 7},

O

w, =0 N1 - (5.9, cosB=41- (510

a,b={w, Fu, J-1 (5.1, a:—ba ,B:bb (5.12)
—a —a

aEa 9Y JFee WA geow A7 PLLY AEE

20w,s + I |2 Dsin2 (TFAT)
+20{Ws + 0 f?

4Nin ®
ol = < LOLZ df  (5.13)

s=j2mf

7F A °ol& Appendix ClMAH A7NE sho] Aelehd thaah 2k
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sin (w, AT +6) _ cos( oy AT)
Oy =K Q1+ :

twar | 2(1-22 2(1-2
LS ( Z)w“ ( Z)w" (5.14)
2w, AT _2sin((,0dAT)
wd
(=19 3%,
1

e (20 2af o
1+ + - - -—
5 5 2w, AT AT \ a a+b a
OAT =K

(5.15)
+e—bAT 2_8_2(}6 _B_z
AT (b

a+b b
o K’ =ﬂmT ol Yz Exp= 2] (5.9 ~ 5.12)5 wEt}
W
oA dolgro], W@ At FX d9E(=w,)ol wWEk PLLY AH 5]
gtz o, 93 Ao FE g9 EL ol Fo] Fojd 4=
Z:&

ICPCPI<VCO W = ICPI<VCO (5.16)
2\ 2N " T\ 2mNG,

uebs], PLLS AAE o, F2 ¥ A% 3 AR e
AH 545 24 5 U 9o

Z43sle] PLLY
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5.2 A. ¥ (Externa)d] F2Pdo =z 23 A EA

o 2, ool VCOoolRE Al Asts 7Hle - PLLY AH 54| o

WA W3}Ei=x] oolr s w S},

2 4cho | s’ |2
—W‘s +2{Ws + 0}

s=j21f

ol o7]M wer PLLO FX tj9ZS PLLY =¥ Fu42 A r3ket golth

[15].
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UM 4.2 AAH VCOS A Hstel 4 (5.2003% 2 A7|7F Apelar F3k7}

fnl ARIEE Feje] &S 7Feohar 7 shobd,
AV, = AV, (t) =A _cosw,t =A cos (2 Tfmt) (5.20)

of W, AV,(t)7F A FEel Ha, AV, (D fpolehs shue] Fubgr dEuks

zra 9gomg A (5.18), (5.19), (5.20)] ]38 PLLY A H+= &3 72}

2 2
O-ZT = —4TN2VCO {Aﬁrl sin’ (T[Mfm} Fo 2 ( 2fC 2 j (5.2
fo 4+ (87 -12) | Ut

9l Aol = 34 A4l Appendix Dol B AT

fo2b £,0] Al oJa] 9] 2 (5.21)2 obell Al 7HAI= vk

i) f.0f

4TIN f2 f?
0%, = ——YO L A? sin? (TIAT m ¢ 5.22
AT fé { mSIH ( m} (4(2fnzfn21+f:J(fn2]+féj ( )

i) f, =f,

2 AWy [ a2 o 1 fe
Oxr —T{Amsm (anm)} 10 ) e (5.23)
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i £.0 f,

4TIN 1 fe
ol =— YOI A% gin? (TIATE c 5.24
AT fCZ) { mSlr1 ( m} (412fn2 _l_fHZIJ(fHZ1 +fc2j ( )

Aol Al Aol A AE ek Ay, G, fn AFOlS BAIE AFEH] Asl =l A
AAlE PLLE ARSsto] AlEdolds sdskalvh. 22fal PLLY 3 A9 +
i

Ay o] Ay AAIE e #s 44 &% 5.1, 5.2, 5.3,

5.4l AeEela, o e AEdHIdS FAs It

D)o A, ol vl e S 42 o AHsiglon, o Ak AL A
Bl mldlstARt, = 1™ 550044 " AE el A 9Fs WAA Berh = o
# 5.6, 5.7 Lol wle) vl 2 [0 A AE el whaaA o, [0 W
= AR 79 9 MAA FHE Fdagih ol & 3.10] yEhkRol,

A€ PLLe oW F&= F7bEA &9ks 45, 2Ask= AE7t 1.25[psleh= A
< sk, oo 0] W3tel ofs TAE= A H7F 27 5.59 5.6 H thEf

4~5[pslolm 2, ¢} {9 Wal= Aol Ao &= vAA etk & 5 3

o, OA,,— (5.25)
ii)9] Aol 2 (5.23)0A & 4 %o,
1 1 1
Oy, UA, ,—-,—,— (5.26)
AT m Z fn fm
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i 5.3 X U9 FI 93 Algs 243e
£ |9 Z=30[MHz], #AHA E=27.8[pF]
g A AZQ]
0.5 1200
0.7 1680
1 2400
2 4800
4 9600
E 5.4 FZ U9EFy 943 A5 A43s Ay AGAE w4)
2 | Z=40[MHz], A E]=15.625[pF]
43 A AZQ]
0.5 1600
0.7 2240
1 3200
2 6400
4 12800
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Jtter 8 || === Bimstatian
[p=l 0 Walwe
.-." —&— Anakplic
a5 .". Walw®
n R

1] 15 Fa b E .3 w
t [MHz]

2% 5.6 f 0 f 1 A,=0.001, {=0.7, f,=1[KHz]

JEber v Frequency ol &Vdd(ycop
7
Jittes = Simulation
[pe] c r Walue
M oma A .. —a— Analytic
8 L. .—-‘,l' e oy Value
a B Vsl w56, %
|
2
1

Li]
R e .
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olu, old Ulgt HES AEH AL B3 Fasact
of e el 2 (5.26)04 ®<ld)

iiel A-gole fol vla f,& FE3] & ¢hoe= Auste] AlEdeldsialon,

fru
N
o
[
2,
o
i
E‘ .
o M
tlo
Job
[-‘O
ol
4t/

f.o] 10 ~ 40[Mz] HE=ls Fetatd, olvt T3] 2 2 T Mol doln=

A5 Ay, G > AHA AL Gaks mAA A Ak ol gk Al Egold A

© 29 5.12 ~ 5,150 YErAT. w7 R 2§ 512 ~ 514004 Al A
4

Ej7F thef 4 ~ Slpslol B, A, G .0 W3k A Hl| A9 &S vAA &

e
o

g 4 ok agal 5.1590M % £, SUbel uhEl A E7F Aol dASA fAES
& = 2l
a9 5.5, 5.7, 5.12 ~ 5.159A4] o] &2 AEH & A9 00 7MAIRE, AA|

5
AlEdelds F3 SAE A 42 " 4 ~ Slpsleld. o= Arts F

o

2
A9o= AAZ PLLY EA8tE AHE 18X 7] wio|t} ulaha, o}bFd

i

= 7FekAl &v el= AAE PLLAl EAsks A B9 ¢Fo] 1.25[psloj2=,

M

5.5, 5.7, 5.12 ~ 51590 a@st= A5, 224 A 45 Wi FS

AA Rva & 4 gl

_55_



Jiter B0

[p=] —=— Fimulation
50 - Walipa
40 r
30 ==
20 <
~
10 —I"/‘
u 1 1 L I J
0,001 0,002 0003 0,004 0005
Am
a¥ 58 £ =f :¢=0.7, f,= {,=20[MHz]
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ABSTRACT

Jitter Characteristics in Phase—-Locked Loop
due to VCO’s Supply Noise

Keun-Jo Bae

Dept. of Electrical and
Electronic Engineering
Graduated School

Yonsei University

This paper describes and analysis a jitter characteristics of PLL(Phase -
Locked Loop) due to VCO’s Supply Noise. PLL is used for the frequency
synthesizer and CDR(Clock and Data Recovery circuit).

First, the definition of jitter and the sources of jitter were investigated. And,
the jitter characteristics due to supply noise of PFD(phase frequency detector),
Delay elements(inverter and pass—gate), charge—-pump, loop filter, V-I
converter, VCO(voltage-controlled oscillator), frequency divider and
differential to single converter were compared. As a result of this comparison,
we knew the major source of PLL jitter is VCO. So, the jitter characteristics of
VCO about deterministic jitter were analyzed.

Second, in PLL, the effects of external noise(for example, variation of supply,
substrate noise) were carefully investigated and analyzed. The PLL jitter

characteristics due to VCO’s supply noise can be controlled by damping factor,
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loop bandwidth, the magnitude and frequency of supply noise. This analysis was
verified for Hspice simulations.

This PLL was fabricated in 1-ploy 6-metal 0.18[xm] CMOS technology.

|
Keywords : Phase-Locked Loop(PLL), jitter, Voltage-Controlled Oscillator

(VCO), variation of supply, Damping factor, Loop bandwidth
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