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A Study on the Optimum Design of the Charge Pump PLL with Multi-PFD
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Abstract

In this paper, we propose a charge pump phase-locked loop (PLL) with multi-PFD which is
composed of a sequential phase frequency detector(PFD) and a precharge PFD. When the phase
difference is within ~z ~ x, operation frequency can be increased by using precharge PFD. When the
phase difference is larger than | 7 |, acquisition time can be shorten by the additional control circuit
with increased charge pump current. Therefore a high frequency operation, a fast acquisition and an

unlimited error detection range can be achieved.

Key Words - PLL, Multi-PFD, high frequency, fast acquisition, charge pump

1LAME

HZ FA o]F BAle) dey nFgHo 249, A
g, 24%, A7ty F471717F 8749 @& n
oz FAsn mE 23 ANLocking Time)E
+ PLL(Phase-Locked Loop)el @a3A =it
PLLe 34 Z2& $8A PFD(Phase Frequency
Detector) &3 715§ 14371 zFolol d=d
Sequential PFDT $143 & Yo A e} A
%oy g8 AXE gAd 53 g2 1Fgd4
= 4% & ey de&Eo AX AL fAAE
#FAsA Fe7l W& st @AsA g
Sequential PFD?9] 2<% HHEL A7 ¢4
T4 Tzx9 PFD/} At nFmer ALE 715
A HAAT Ada BE WAHt -r -2 AT
5o} PLLY Acquisition TimeS ZF71A71& 849}

* neithsn A7) 3
(MEE5EA 5T AL E 5-1 noisha,
Fax: 02-921-1325
E-mail @ jym2808@lycos.co.kr)

HAoH1]

£ =& AM = Sequential PFD, Precharge PFD$}
¥ 789] Charge Pump& o|-43lo n&o2 ¥zta
9 Acquisition Time %§ ZAstE PLLY X &
Atstgt AtF PLLe FReMEe $4bxst 2
A & AF4Y9EL /A2 I Charge Pump®
LPF(Low Pass Filter)& d&xoz WA Al#A
Aquisition Time& Zolx, Y4347} AL AS$
Precharge PFD& o] &34 d=&& #4479 2
Fatel A FaAs=E 3l

2.2 8

2.1 Sequential PFD2} Precharge PFD H| &

39 1€ PLLAA ARg38tE Uk ¢l Sequential
PFDE ver Ut REF 57} FB Asug &
A " UP A37), wtdje] S0l DN A&7 2
Asted Fu4a17 29 UP A3 £= DN A3
7} "high"Ql Alzte] ZAojAm FaAFxst How

- 271 ~



UP A% & DN A&7 "high"¢ Alzre] 748
el ol8E SA4E vgez AR FAEAE
=8 ¥ 4= 9lv}l. Sequential PFDE A1%5¢] Edge
& ¥EEE2E Duty Ratiost A#e] glen 44
2k A& H9e A . 1A Aol wEuke
FHE M2 YA 9 9 AoEE Tdn
A7l W&o defolz Ak TF AN FAE F
n 2 de=2&8 zZtegs @il 9o Sequential
PFD9 52 #3934 A= EHEFY A F3H
g8 AAHE=Y AFA FAE 9Ae dF Az
o] F717} A7t 8 A 2= =Hojok o2l

REF- ﬁ_l_b_qups
—

FB l_____:u'—\ | [>—DNS

a3 1. 71£9 Sequential PFD 32 %,

1% 2+ A4%+% Sequential PFDY @3 & B¢
3l7] 98] A¢¥ Precharge PFDY T2 & ey
¥ REF A&7} "low” 9 W A ==& A5
sltt7t REF A1%7F "high”"7} g+ €7+ UP_inv =
=g wdrdste] UPel “high”?t =9, UP°] "high”$l
¢t FB A&7} "high”7F Hd A =271 WA
UP_inv =57} A5 UP A3 & "low'2 TE

. &, EHEF YA tojuy 2L AMEE 3T
a3 F22 PFDY J83 &8e HEE #4A7T
I 948 A5 AAE A N2 AsFezs d
golg &9 FHAA FASY dE=Eo ol
AHE €9 & e FHo] Ur} AT FB Az
7} "high”"?]l E¢ols A =8 38 # glenz
REF A&7} "high”"7t Ho= UP 41%7F "high”7}t
4 F gv B9 2o 48 A5 fA4A 497}
|z |2k & ZA¢ vB4EA T3 e
PLL9 Aquisition Timee] F7}dtE @3o] Ao
“omEA Y Nz PR WS |z | BG

2 A% 9439 DC %< Charge Pump®l ¢

g A3 UP, DNo2 Al433 143 #ei7t |«
| Bt 2& Z$ol& Precharge PFDE $&AZ o
24 a5 23 W& Acqusition S4& e
Charge Pump PLLE 73 #+ .

1 1

REF o——

REF o— r.{

Up_inv —o UPP
FB éj l
FB o— g

a8 2 729 precharge PFD 3 2%,

22 O3 & HEIIE = st HZ PLL

a9y 32 AGd uF AN HAEVIE FE -
H= PLLY FZ& Yehldt}h Sequential PFD2
&9 A3 UPS, DNSE 3oz s 943 #A
32 LCE PLLY ¥ 9% A% REF$ FBY 944
27 |z |2 & BS "low’E, 2 F$ "high”
£493lt}, Sequential PFD9l £% N3 % UPS
4o 2 s Faga A 32 FC7t PLLY
48 F REFS F37t & 7% "high"&, FB
o #5457 g 2 A$ "low"S £3 39, Selector
32 o] FCO wol w2t d£3<l DC && UP
ANzz B2l ZAUX, DN N&z Bd AUAE 2
AsA "rk RESET A&7 “low”d W9t Charge
Pump& 5384 stz 48 A3y 9447 |«
| ojdelx, REF9 #9347t o & A4 d£3Q
DC <& UP A3 & A8-3l9 Charge Pump CP12
LPF& S#slx, FBY FH57t o & A 4%
¢l DC #& DN A3 2 Al43ld Charge Pump
CP12 LPFE %aXNH 2R %7] Locking Al

—{n o o

- 272 -



A AR | x| oldd A 49 Precharge PFD
o] AL 842 43 9443 DC #& UP E&
DN 232 Charge Pumpdl AFTHLEZHA wWe
Acquisitiong 8% + A Ao}k Lockinge] A
o] 4Y NFo A4t | | B} FA HH
LCe A&7t ulABAM Precharge PFDel 9Z2%
Charge Pump CP27t $&sEE st o o 4
Z49 Lockinge Precharge PFDd| 9j3] Fs=
2 CPi198 #% AFE CP2ol vl ZA HAH3W
PLLY Loop Bandwidth && & &A% A
5 A7 ZFL CP2ol %% 2W2UEHE HAF
o Acqusition A17+& ZA #AAZ F A4l

FB

a3 3. A oF Ad AEVIE #e A
HE PLLY T£

g8 94 HYe #wAsE 2 LC, FohFA
2 ®wASE & FC, FCo el weh d&53Q
DC < UP A3 E+ DN Mz E 8% 2AUA
2 AAFE 32 Selectord T2 44 1¥ 4,
a3 59 29 69 JeERfAT

— VBIAS2

up k= VC]

[

FCB —

LC1

b— VBIAS2

DN = VC

T

FC —

LC1 o]
LC2 o, )'[' >‘: Y
LCB

ag 4. LC 3=

— VBIAS

=VC

uP ——D—D—AMIA
FC
I FCB

ag 5. FC 3=,

FCB
up
bC .
on|FC

FCB

13 6. Selector 3 2.

23 AlgajolM AR ¥ nF

NEgolae %59 Sequential PFDIHE AM&-gh
PLL#} At o3 PFDE %+ Charge Pump PLL
& vlzsr] 98 5V Supply Voltage® & 15
m EF CMOS 34 #erlg g ol &3t HA
Hotth, MA® PLLAAME 20MHz/VE o534 10
~ 00 MHz8 %4 99 ze FEId71€ VCO
(Voltage Controlled Oscillator)2 A48t LPF<
1MHz9] bandwidth®} 60° ¢ phase marging Z:=

- 273 -



£ den CPlL CP2AAM9 ARYL Z4F 3004,
50ude] HIEE Q. 29 7& AYF 9F PFD
£ Z'+ Charge Pump PLL¥ Sequential PFD%&
L4 PLLe] Locking He #AE B7] 93
VCO 98 A9 ¥3E =AE Aoz g4y F3
+7} 71.43MHzY 9] PLL9 Locking Time¥: 13us
oty Al¢ty ©F PFDE %+ Charge Pump PLL
9] Locking Time< 3.3usol22 A¢t® PLL +&71
& BAE 38 £ USS FUstdd. oRAL
29 79A4 B upe} go] x7] Locking FHAANA
A4 DCES UP 43 T+ DN 43 ¥H=2
Charge Pump©l] A&3td Sequential PFDA A&
UP A& %& DN A&9 gto] ¥R 4% g
24 VCO 948 g 8% o] wEA Locking
HEEZ 7] HFoith 29 82 ZZ9 4Y F4
o] @& Locking Timeg YEld Holt},

£ i
%5 3
'ﬂ kL
T 5
= z:
§ u
u A : Sequential PFD%& A} PLL
. B: A|¢t¢ PDFE 2+
e Charge Pump PLL
PO RN YR TN !uhhhh‘s&lzaml)lul‘|&wmlhlhlh|~n
ay 7. VCO 948 H<gte) W3
11 [e—Ssequental ]
124 —o— proposed ]
10 i
3
] 8] J
E
e
o 6 p
£
3 .
24 o/°\°—4—/ J

T T T T v T
10 20 30 40 50 60 70 80

F o £ (MHz)

33 8. 93 FiF we 2P

3.4 B

A¢t¥ PFDE %+ Charge Pump PLLE 7]1&9
PFDe] @d¢& nghsta FAE Ay fds6AM =
7) Locking #AAME AFLY 2718 F7HA2
Charge Pumpel 9£3< DC #& FUHoEH
Acquisition Time& Z&A7|3 HF Locking 4A
ol X Precharge PFDE Al4go24 nF g
o] &L 7 syt 23=2g AE PLLe
n4 FF wE 14 Aol e VLSIY #of
o de 8¢ 5 slodz wdgch

S |
[1] Harufusa Kondoh, Hiromi Notani, Tsutomu
Yoshimura, Hiroshi Shibata, Yoshio Matsuda,

“A 15V 250MHz to 3.0V 622MHz operation
CMOS phase-locked loop with precharge type

phase frequency detector” , IEICE Trans.
Electron., vol. E78C, nod, Aprl 1995,
pp.381-388.

[21 M. Soyuer, R. G. Meyer, “Frequency

limitations of a conventional phase-frequency
detector”, IEEE J. of Solid State Circuits, vol.
25, no. 4, Aug., 1990, pp.1019-1022.

[3] Henrik O. Johansson, “A simple precharged
CMOS phase frequency detector”, IEEE J. of
Solid State Circuits, vol. 33, no. 2, Feb, 1998,
pp.295-299,

[4] $94, A5, 28, 4U9Y “Precharged PFD

9 T3 B4 Ao Y 7" 20003 ot
A718 38 SATgEds =83, 2000.717-20
pp.3088-3090

- 274 -



