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Design of loop filter for high order charge-pump phase-locked loops

ZHAO Yi-bo, FENG Jiu-chao
(School of Electronic and Information Engineering, South China University of Technology, Guangzhou Guangdong 510640, China)

Abstract: Considering the characteristics of discrete-time sampling for charge-pump phase-locked loops(CPPLLs), we
propose a blocking design method for loop filter in high order CPPLLs. By this method, the CPPLL of any optional order
and type can be derived, and phase jitters can be eliminated. Also, high frequency step input or ramp input can be tracked.
By analyzing the stability and characteristics of CPPLLs, the range of the candidate loop parameters can be determined,
from which the obtained CPPLLs of n-th order and n type are superior to others. Effectiveness of the design method and
correctness of the analysis method are validated by the simulations of two types of CPPLLs. The proposed method provides

an important reference and guideline for the design of high order CPPLLs Loop filters.
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(Linearization model and characteristic anal-
ysis of CPPLL)
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Fig. 1 Schematic diagram of CPPLL
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Fig. 2 Schematic diagram of input and output waveforms
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Fig. 3 Phase frequency model of steady CPPLL
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Table 1 Transfer function and stability condition of the third order CPPLL
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3.2 FaxE M43 Hr(Stability analysis)

AR TE E I 2% B A ] I E B R, e
AR 22 BB BRI 5 . R 2 ANPIE IS, 7]
PRER KRB BR BT, SEILZ s R 22, v
e PRV L SR R A EA B B E 3 I, F(s) 2 A
WS BIN, AR AR M i, RS ke MR
1. 4 D8PS (A% 38 o8 2P (s) RN ZU(5)(6), RETT
FI PR K (1) FF 0 A A IR AL 36 oA 2. T 3R A% 346 R 2L
HOREER S NS eI AL EZN LU AL SR 1R (R el
INTZI, RGEERE I, 78S BR N, fi
[FJCPPLL A — 1Y, JLLFIRf5 2 s 50N

1 1
FO) = (et ). (3)

it K, F(s)EUE I Hw,. ~ 1/7, 5F1(s)
ORI AT A AT A, BT LI AP il 48 JL T A 52
M {EK 00 06 30 7 7 . BB P A% 028 BB ESCH

H(s) =

kofcp(l + kQTQS)
2T 83 + 2 NT1952 4+ kokolopTes + kolcp
(14)

FEETTRE A
Q7o S5 + 27Tas” + kokolcpTas + kolcp = 0.
(15)

I 55 3 R U7, AT A3 B R e AR A
kQTQ > 7. (16)

RIAHFE I 75 A3 n B n B, n+ 2B n Y
CPPLLIPJASE A AT, 205 TR, 1] 4,
#CPPLL A, T LB B # il as 5 I N T
T AL AT, BT DARR % 1 A8 e P RE 19 2 AR ALE.
SR, DR AT 2 BHPTRIVCOIEIEE, T LAASBETH
BRARAT B1 ). #5CPPLL yn + 2B n B, —Fi i
RKUFTRIAE, LA I8P A%, IXFEAS AT bR A
SR BR B R T R AR AR 25 Ol i ke b 1) T 4K
SEOPIYE 2, WU TIAY, F I H i+
SINT 28, e thre ~ R R, i
(I AP PERE &N + 1P 2.

4 5 HiX % (Simulation experiments)
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Fig. 4 Controlled voltage waveform of the third

order II type CPPLL
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Fig. 5 Input and output waveforms of locked CPPLL
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Fig. 6 Controlled voltage waveform of the fourth

order II type CPPLL
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Fig. 7 Input and output waveforms of locked CPPLL
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