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Design of Low voltage High speed Phase Locked Loop
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Abstract - PLL(Phase Locked Loop) are widely used circuit technique in modern electronic systems. In this paper,
We propose the low voltage and high speed PLL. We design the PFD(Phase Frequency Detector) by using TSPC (True
Single Phase Clock) circuit to improve the performnance and solve the dead-zone problem. We use CP(Charge Pump)
and LP(Loop filter) for Negative feedback and current reusing in order to solve current mismatch and switch mismatch
problem. The VCO{Voltage controlled Oscillator) with 5-stage differential ring oscillator is used to exact output
frequency. The divider is implemented by using D-type flip flops asynchronous dividing. The frequency divider has a
constant  division ratio 32. The frequency range of VCO has from 200MHz to 1.1GHz and have 1.7GHz/v of voltage gain.
The proposed PLL is designed by using 0.18um CMOS processor with 1.8V supply voltage. Oscillator’s input frequency
is 26MHz, VCO output frequency is 800MHz and lock time is 5Sus. It is evaluated by using cadence spectra RF tools.

Key Words ' PLL{(Phase Locked Loop), PFD(Phase frequency Dectector), CP(Charge Pump), Looop Filter, Divider

1A=
Az BN 2ge) BAe] wal usEHsds 52a
AA BE SHEYLE RE 205 G470 0 "ol

Zg=lz gk PLLE Aade] ABE Clock®d, 344
4 % odole HY 59 V¥ S8 A5 Aladd
549 3o FA2oe FHFf 55T w2y A
8 &g FaAA PLLel tHH2g 23 8 & UREH
PLL 748489 45 s #3471 It 843 dds
I A

Y1 PLLY 71E FEE UEhd Ao Oscillatoroﬂ*'i
Adgw 71¥ Fa5e VCORYRE Feedback® ‘11':’}—’;\-%
PFD(Phase Frequency Detecter)oll 4] 1] mo}"ﬂ 1 Apolrk

2¢g 1. PLLY 718 2

2. PLL 3lz9f 34

2.1 A Futs AEI| (PFD)
PED(Phase Frequency detector)= VCO2 % EF 349}

,i;

E o1l o) Bl 5 ol A} zlo] ulE o)
¢ a=8 gq LHJ’ Ch"‘rge Pumpe YEAEe] Fa% ﬂéiw'n‘:torng)v;;;;s—a; ﬁ“z;;}‘: ;iii}.] Pg}lsc] 7?23
o HlegstE & 3}0% Fxgre ARATE FH How HAGE NHAE 249 D-EYEFon ARt
= \;ﬂ»x«l/\] 5%“1 Qo] &85 9 9L VEEns 2% 2A: 7129 PFDEA Static Gate® ;}1}&5101 5’,12“%

ozt F gl %%‘- | e VCOS AL & pocia qo)e) Amt 2old nkoE $4Y & gt
- AAz \CO wed ‘1"““*“’* sl FARE WUy 1225059 Feedback® NE) Hol7 Gate Xl“’ﬁt}
o, Osclllator) 1% TATE VOS] Teedhack® TAT se 49 94 aols @A et Dead-cone EA%
b Al ST N6l VOOT d¥® TALE WAy huy yoBE 449 PFD 822 TSPC(True Single
:lj}r T&;}‘:}H]O] EHQDTCI;L;_ ;“?;4}:20%11'?2;%9%;:‘5 Phase Clock) Dynamic Log}ic—% A};%?"S}“’% AAE 3?9&%"4
am, REuE WMz onM VOO ZHEnsE W) Reset 427} #old g Fabe] f#ista PLLe] Locking

g of UPs DOWNY ZHAaZol oy Fdatd FAHz=2
Dead-zoneo] % 2HA gt 443 PFDe EA4I4e B
Mty F Az el 94 ol WlEe] Dead-zoneo) w4
A g A¥HY BAS FAedh

A7le 985 stz AUk

REaES

o BB STt WY ARTHL AR
3
&

o TR GAWGE ANAATER 0g

—267 —



1% 2A 71¥9 PFDe #%

REF D~

> DOWN
[ad SUAOIE » ey :

2¥ 2B HAS TSPC PFD9 Fz

2.2 Charge Pump & Loop Filter

Charge Pump®} Loop Filteri= VCO9] Ajo] 4 g8
= 322 7jEHog 2709 UP, DOWNZA 9 ¢
T de=2 FAHY UPA R/} Highg @ =
HA7132, DOWNAIZ 7 Highs S ara Azl
Lock®] 5_]“"‘ #Z2& A|ZEE<r UP, DOWN4l 5
2 R FAAFYS $AAFI 2odd £2xaE TEHE

At AT F AR/ ATeA YxEA Feod
Jitter& 2o 7iA Arh 2”3 A HAE CP 3dzE e
Ao dAE Charge Pumpe Current Mismatch %42
MAst7] f3te] Positive Feedback®%& A& 3lgon,
UP=91x¢} DOWNz2$IA7F FAlel On 2 wWar:

Switching Mismatch A& 81237 938l Charge Pump

9] Z+ 29xZ NMOSE - pAsach  £3 Positive
FeedbackTZ & At&3le] 4293 £5& 41712 AL
2E 2Y F UAEE dAsU)

293Bel PFD® Charge Pump 281 Loop Filtere)
Simulation A¥E YEIWSow F7] 10nse ¥ Alzo} o)
3t} EXTA 37 INTHEHT 5ns ¢4 4139 ) 53nse]
UPE 27} 2Alsted VCO92 Control Voltage?t 4482
3t olu 03ns9] UPZ A+ Dead-zone £4E s4ds)
1 fiste AAS xde] Hxior)

+'3|—

1% 3. A AA% Charge Pump? #+3

18 .
ae I

18 .7 . e gy
[0 B A N T R TN NPT A

1906 .
. 188m

190 :
—190m ... ;

ag@y et SHTAneud

o | s
123@n 150n 28@n
time (s )

.00
2% 3.B PFD® Charge Pump Simulation 2 3}

23. Mgk "o wEI| (VCO)

VCO(Voltage Controlled Oscillator)y 3@ A gto)] ojgk
& LREE 38w HAAS Vo & 54
£ ¥7] f8ld AFTEE 283 5-Stage Differential
Ring Oscillator& AM&ststl. Z1@4.A0 VCO®2| Delay Cell
% 21¥4.Bol Cell®) WHE el o™ Buffer Stage:s 4

2 FTAFgdrd d¥Hd FuFE 5HE 97 9ty
Symmetric Load& Agstgch e A9 A9ty 7ize #

&l Eue 548
et
oo
800MHze] 51

A7 98l Differential
AAE VCOC Simulation A& 13H4.Col VERRY
g Foles 200MHzoAlA 1.1GHz olu F4F 94
VCO9 Voltage Gain & 1.7GHz/Ve]t},

>

F2E g

b1

T

1HAB VCOS W delay cell

s e :,: —— e

Flol A A3

IY4C AAF VCo NE

—268—



24 Fu4E 37| (Divider) M A

Dividers VCO® 4% 342 Oscillatord] 71& #35
ek ¥ 5a}7) IR

Heted S5 Wae dgg s ¥
Zytens g veoe 1 Fa 8 g 9 320
o} A A Divider®
FAdd VCOo e
Faee ad
der?| Simulation 235 UERY

g ool didte] 32855t 15MHz2)
g s

1) - 169 Divie
Nelew 500MHzel Divideryd
EYZE 57t B

1% 6. Divider A& dol4d Ax

3. PLL Simulation

e 4A% PLL ®A3 2 ojg, #Ad &= PFD, CP,
Loop filter, VCO%} divider® T4 o] ¢13 Bias 3¢S 4
A437] 1% Bias Generator2 FA4 % o] ity 2E79] A A
PLL3 2 9] simulation A& Jehjgled 718 59
4 20MHzel disled DOWN #H-arp w-dsie VCO9Y

Control VoltageZt 3559, SusFol Lock Timeo] #4Yst
800MHz2l VCOZEE F a7t B 4ds
Spectra RF &

sl A1g e
SEEE

Simulation Tool&
~ Simulation 8} t}

CadenceAt €]

17, PLLAA Alge)

ol4 Az

3+ DividerE

4. 2 B

LB ERAME TSPCHER2E o8¢ PFD, Positive Feed
back and Current Reused 3]2& o]43% Charge Pump, 5
-Stage Differetial Ring Oscillator VCO, D-EJZE & o8&
Argste] A dY 15T PLLS AA &%
PFD¥ TSPCEEE o] &3t &M F2E & URH
MAs oy, CP(Charge Pump): Positive Feedback and
Current Reuse 32 & Algste WE 244 £59 & &
HAEE A8 5 JEE MAsgch VCOE 5-Stage Ring
Oscillator® AMg d9iev B3] Delay cell& Differential 7
25 Aty AT eRy WE TSR YK F
FrEAE 4¢ F URE HASAG. =3 FEH3 VCo9
ZHFns #4317 $135t] D-Type EHEEE ol&4%
Divider®& AAstirt. A48 PLLY d8¥F a4 25MHz,
VCO9 #9333+ 800MHzol® Lock Time& 5Susojt}.
PLL2| %Z-V g2 18vVeld, MAA AE% FAHL CMOS
0.18umF A& A83te 4AE sk

e
ol

\W

2ol 2

¥ A7e 24 BK Agas dEae dEga s 3%

AT ME (NARC, Network~ based Automation Research

Center), ETRIF T IT-SoCHALEFIAY Agez S35
el

{11 John G.Maneatis "SelSelf-biased high-bandwidth Iow~ji&er
1-to-4096 multiplier clock generator PLL Pump Circuit for
PLL”, IEEE JOURNSL, Novermber 2003

[2] Arshakk "Design and Simulation Difference Type CMOS
Phase Frequency Detector for high speed and 1
PLL”, IEEE International conference 2004

[3] Jaeha kim "Design of CMOS Adaptive-Bandwidth

PLL/DLLs : AGeneral Approach”, IEEE TRANSACTI-
ON CIRCUIT AND SYSTEM, Novermber 2003

ow Jitter

[4] John G.Maneatis "Self-biased high-bandwidth low-jitter

1-t0-4096 multiplier clock generator PLL Pump Circuit for
PLL", IEEE JOURNSL, Novermber 2003

—269—



