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Abstract

A frequency-locked loop(FLL) is a negative-feedback system that uses a frequency detector to improve the phase noise of a
voltage-controlled oscillator(VCO). In this work, a theoretical analysis of the phase noise of a VCO in an FLL is presented. The analysis
shows that the phase noise of the VCO follows the phase noise determined by the frequency detector and the loop filter within the
FLL loop bandwidth, while the phase noise of the VCO appears outside the loop bandwidth. Therefore, it is possible to design an
FLL that minimizes the phase noise of the VCO based on the theoretical analysis results. The theoretical phase noise results were
verified through experiments.
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Table 1. Calculated loop filter values.

FD, VCO K;=80 nV/Hz, K,=8 MHZ/V, A=

Integrator, LPF Rl KQ, CM—IOO pF, R~1 KQ

Bandwidth, PM /,=1 MHz, ¢=45°

LPF element values | 2,=1.185 KQ, C,=67.5 pF, C,=3242 pF

Mag (dB) Phase (deg)

aliiee °

—0O
>
y

o

T

r
V4
ry
s
=
T

100 -100

50

KA
LI e
o
o

el e b b i pa
o)

Fj
L
i
1
J 4

-50 -200

m

1E2 1E3 1E4 1E5 1E6 3E6
freq, Hz

J8 8. AaE 2= IAH Fu4 EA
Fig. 8. Frequency response of the loop-filter.

Atk o] A3}E £ 1o EHT

k3 101] A AFHE ol &at] AlEHIHE 93
o]5& 1% 8ol itk 19 8ellA FZIE = o3
Wz 7j-FZo]5o] 10] He F3k4 1 MHzOA 45°°l
WARFE 2t As & 5 Ark e v 23w
g e AA-FEzR ALt FZ-IY 543 E}
RAe & F Atk )AL F2Z-FH AME-E OP-amp

C-o15& 100 dBE A=, o2l g A4 w&
5 T W FaroAE 9
2o},

> 2 19 rlu —DJ

= 0]509] 200 dBE golA
43} 2717} Aol g Wol7)

nma 3

31 O|EXHQ HS

& =79 2190 AAHNE o1& A
of AlEH ol Fdlth AlEd ol F
o WS web Ak 19 79 FrE o
501 10 WIRHE-F-%71 2 thAl skt 12| 19 40

718

HQI FLLY S8+ 2A34E g13l7] 91te] OP amp®]
Fed FrIHE FASed AHEE ALY Fee
AASALE & 201 AlEE ol AHEE 27 3HE A
289y, A3e I9 9ol 2tk oW FD E %
2 kT, Z,a 2 AR, a=42 AH3ATH
" 99l VCOO] 134s 3 4 OE FolA = 9%
S ALtsle] Btk 19 994 AAH Fx o=
100 kHz7HA = 2] (5)ll ¢J3fl A4 == FLL v& S35
S5 wgrt, ol veoe YRS wEteE RS
& F Atk 29 9Z5H AlEFH oA E FLLY A
991 FLL S35 g8t A2 €+ 2
Z Y 22 2 OP amp?] F&S 18 %
S A EH AT OP amp] Fa< A8 -2t
j OF E%‘%‘jr. ol HF
o2 Az 19 100 A
EdoldE AI4E B %z- Ei 3} FLL &7 gt

O:

dlo

_1

dlo ok

E
il

&
L

L

&:—.~

2. AskE Fzgy g
Table 2. Calculated loop filter values.

FD, VCO K,=80 nV/Hz, K,=8 MHz/V, A4,=10

Integrator, LPF R,~1 KQ, Cy;,=100 pF, R~1 KQ

Bandwidth, PM f,=100 kHz, ¢ = 45°

LPF element values | 2,=11.85 Q, C}=67.2 nF, C,=324.2 uF

OP amp noise =91V, ¢,=0.34 pA

-180 I I I I
1E2 1E3 1E4 1E5 1E6 1E7

freq, Hz

0% 9. AXE FLL-237] 943e 54
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