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Phase Noise Prediction of Phase-Locked Loop Frequency Synthesizer
for Satellite Communication System
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Abstract

The phase noise characteristics of the phase-locked loop frequency synthesizer were predicted based on the
analysis for phase noise contribution of noise sources. The proposed phase noise mode! in this paper more
accurately predicts the phase noise spectrum of frequency synthesizer. To accurately model the phase noise
contribution of noise sources in frequency synthesizer, the phase noise sources were analyzed via modeling of
the frequency divider and phase noise components using Leeson model for reference signal source and VCO.
The phase noise transfer functions to VCO from noise sources were analyzed by superposition theory and linear
operation of phase-locked loop. To evaluate the phase noise prediction model, the frequency synthesizers were
fabricated and were evaluated by measured data and prediction data.
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Fig. 1. Block diagram of satellite communication
system.
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Fig. 2. Block diagram of a typlcal frequency
synthesizer.

Fie B0) 29 U39 A4 48
7) fgte], 29 239 A F5o) FFE WAE
FH oaBe 94 e FES Y 3% Pl B
Y & Ak 4 T LAF) AT A HE ¥
EE A% §719 PLL 328 7Hste, ¥ A&
Qe g Y 4dE Hesd ded 2
of 8 £ Sirh

d)ou.!z)ul(s):

V
H(s) X[%’ G rer (5) + —% { V(s + %S()S)}

+ MX P (s) + dpls) — dils) + Nx

(8or () = don (N]+ 1= H) x brco(s) (1)

)N, A B ) et ol

A4 (DLERH AY o Hye A9 53 g9
4L /RAEE A Aol #2719 94 #S
(dvco()ol Hat 79 53} o3} 288 3y,
A Aol A7) ol AREA W A
of deire AY 3 o5 ZL45 A £ AFE
AZ AT $,0(9), A HIRIN V,(s)), EF
7] - AWMV bprom (), du(s)) 1B AY S5 I
Bl A Forg o] J( Vier(s)ol Mt Al
ol HAVIZ AEHo, et Aol #AY A39
2 QEA Fog 4 Y e ol A

o 7158 AL ¢ 5 AUtk B, AG Ao &
719 A& 19 53 AL siAER i—fi— <

i
1o
do o
ox
mza

o

O
_NL,
mg
2
i

s

nE
o
N
lo

A3

do

o

$I Z5 P49 94 HS A5 B

Reference Phase Low . Fo
Osgcillator =+ F Detector =+ Pags ~£~ VOO =y

(F) Ky Filter Kyeor)
{Flsy
Bror (8) O () Vg () VLPF (s) (s)
Frequency  Tveo 1°
- Divider «+~——¢Mnxer
\T 1/N
‘Frequency L b () O () ‘
Multiplier  ~—=
M
oy (8)

@AEA 25 47 FHE
(a) Typical frequency synthesizer

Reference Phase . Low VCO Fo
Oscillator =+ + wDetector =+~ Pass »f+~
(Fr) «, b Filter Kyeons )

LA
(F(sh)
Sprer (N By pn () Sepa () N

_,<+

f
o.or () Seco {

Frequency
) - Divider
‘[ 1/N
S¢.DN (f)
(b) BBF 2o P FAE
(b) Simple frequency synthesizer

SERIEE S FHEEREE E
Fig. 3. Phase noise contribution of frequency
synthesizer.

93 A} AL UYsy AR AAV) gloRE
29 A% Ao A9 2HEY 2R 44 &
HEY Ung ggozn a8 ¢ gk
Sd:,w,(f):
2 2
O () S s D +Fox % (S 0k
S
+—«,%(’}F)%}+N2x{s¢,mm + S, w(N}

+ 11— HPI* xS 4 veo () )
PLL DAZ Wl N Hiyel 2715 12 50, 4
Q= Fx do9zo 94 4% 28 V52 138
g 4
S &, ot (f) =
LH(DI?x [( )s¢,e,(ﬂ+ i (S (P

+"5;|@1';‘i(7)|¥ }+N2X{S¢,DR(ﬁ + Sy.on(D} 3)

2 Byl M 7% wal7)e] 94 e e 7% F4
FREFNRA 8l 20 log(R) HF 7_} 3, A
Aol Tl ¥ TATi ZNyg =271 20
logMO2 Z7hHe o % 9t e, 22 WE 9
AZE YA w9} Fa4 EFV 29 Bk g

719



BETHEPERGE £ 145 $H85% 2003584

o] EFH] 20 log(V) L& 57%';}% HolEnh w
ZtA, PLL g Z oA 7]& Fak A5 Au)
F7F SRS A% Aol %7}6}&% NE F
ggo] Auert AAEE 1F9 g9 5 L
7 A AL T dok

N
i)
&
gt
ox
)
o
o
F-hl
>
i

NS @279 A A
Bdsr] Hatd 2A7)

22719 A% FES
At #E AEES §oldtA EEE Leeson 2Y
& Apgant

Sé(/')=1010g[ g’; x{1+

)2 }X(1+_ ]

5! AN

(ZfQ
FrT
7Pl TP

=10 log[ 2p ><(1+~f—

QLZ)]

4)
317]"1 FE A3422 38 F e e AT
o, p, 2 7% 77} “LXVMW ol g%+ e A
QJJr XE*EH 2L g ootk &8, £ 9 e YA
Fopgol QA Fuldolt,

A @ UF>5 U5 1f, 23 WA
Ao 9 F2L FHE Y QORE, 7F
A719 A Ao 27N A FEE L
g 4938 Fag 7187 E4E e
o2 8% 4

A% A7 B0 o8 948 A5 94 e
& oAHoZ 20 log(RFH)Z ZAsAT, PLL
2] YA A Al LRI FFIE 4E
T 43 qFES 20 log(BFH)E S/
gL sty £, Fag EF7)E st 4%
o wpet BF7)o) o -7t o] WA BF
712 vy the]erdy, 2 EFHY AAF
(regenerative) 12X TAE =¥ £F7|(logic
dividen 2 #F53 gloH, 714 9 449 94
o2 =83 £F717} PLL 324 J(1C)3 Hof
Zo] ARSI ATk BF719 A Fes £
o YA FF w7 FEol AT FFLE e}
Lhe, A L8 (asymptotic approximation)& & &3}
g9 23719 94 7% 545 53 2ol &

ox [H > ot

112".: 3, tolr dlo
go N #Z of

2o

780

2.

S 4. or, ov(H (dBc/Hz)

ol

107 M40t £ 2
f
$10716%1 +10"22”f0) )

=10log

If QG E B37) 28 Fo59 AF(£,D
d waste Z7bety, WA S AIANE &
F34( £)0) HlE st Z7hgt) @7)A, GaAs A
g9l AL, A (5)9) AF 10 M= pT0tioR

2ASCEME ¢ dat

32 ?1d HlwI|

N

OAY Fa4 GA71AN e 94 Fe
_/‘[: H]—U—7]-’] ‘I’V\}' ]'E‘T: %?3 E-——E"] %“
(rising edge)®} 37rA(falling edge)ol Al Elo]® A
B7F il el ds) SUtEe Yoz H 4§
HE % ok A4 U] B4 FAR()E 2
Hl @ 7)ol A B ahE Erol Y A& o)A HliL
N9 at ms A YHOE SARY 5 A

A4¢ ;,=2rxf At  vad rms (6)

- Fag ¥are
cycle)2 o]Fol7 &3 HX
AZA, AER Fo £9 1/
e gazozn 7= gy
FoleH, v oY Fed %
€ 5719 BVl Bl @t

4 in i
S¢,in(f) = (f;L/Z)

4 As(duty

0 Nﬂ

= 8rx%f, 4t rad®|Hz
2 2,2
S 4ol N = 87 A°N? = Srdrf, Z}t %, rad*/Hz (7)

4714, 29 A% Faol Athd o (DY
A

13 Ao 3 2o A4 & *ﬂ7l—‘:— I:]'T:‘
% Zth.

2
S (N (dBc|Hz) = %

= FOM(dBc/Hz") + 20 log 1o/, — 10 log 1 /s (8)

71X, FOME Fds vHu71e A5 As
(figure of merit)o]t}.



2 Q)Z5H 94 a2 29 Fogvt S
42 20 dB/decade g 2 718, vlw7] F354
o thai A 10 dB/decade 2 HAHE AL ¢ &
oh;],

welA, 94 Fag Bl o9& 93 e
€ Zo)7] Had &2 & FoFA Hw7)t
FHHEE Fog P78 AAstoor I

33 Mo S TEY(LPF)

A9 &3 eje A4 - Fog v 7)o A 2A
3l A Ao} HA719 DC A NEE e
Ao % U ke §5% ¥H FXE ZEth
N4 A2 A9 534 BHE H3 e 77 aF
St 5% A 98 JFoE A, A3
OP amp9] 2 &2 Weth A 3 A
HAsE Fool A% FF> 19 4oM HHE
Atk

A8 REFH WA= J3(Ve)> 4 (9% 2ol
5388 2 gom,

Vr(R) = V4XkX TXRXHz (V gys)

k: Boltzman’s constant, T : Temperature in Kelvins (9)

39 4% 98 A Y Vel el A Aol 2
A7) Foert deng, 3 450 o8 Fus
EEE R LAY VRS e R
F gk

A4 Mz A%E 73] Asel Ao s
N Lt )& THE 4 O 2E U AT
S A A} BA) o5 A% (Kieo)o) A3 T3
F A7 T,

&
Fr f ; Output

VCO
FM Signal Generator : Ko

Resistor: R ohm

38 4. LPFY 9% &5 BE &b} VCOY 4
Fig. 4. Relation between VCO and components
with phase noise contribution in LPF.

do

4 2R RE FRE YA A4 2T 9% 2Y

A peahpoae = V2 X V() X Kyco (Hz)  (10)

4714, AE o|5 AF e 55 4%l 4 9
e Agel 9@ ggol vste] 39 A
4859 9% A2 7T & Ak

S $LPF (/) (dBc/ Hz)

V2 V(R Ko
Y

V2 V,AK
Azf VCO} (11)

=20 log{ }

+20 log{

X=R Jf=1"

(Rl =

ox
d

1o 24

s o5

A
oo

N. Foie g

b

of

0
+
p =

1 FIp% B47I9 LPF HE B

+

Fu4 §A71E AA), Az A5t dA d
2 AHE-E T e A3 FZ(charge pump) 94 - F
B4 HA71E 2 PLL 3 2E ARG Sk o4
o2 YA - Fug v 7|9 Ae L= PLL g2
o A9 53 HEHE F5YLE FHIAE T3
& DC o152 71 4 A aul i gas, ¢
T8 A9 T3 |2 Aok 23 HE $H
(Type-Il reponse)d} 7+ EAE zZh=th Wby o
228 g 54 4B A (static) 4 ol
g Z7) Y5t DC o] 50] & 558 A 53 &
HZ 7449

I8 3yt 2L FERE e s e
I8 58 7o 58 A9 B3 ZHE Ze A3
BE PLL X2 74E § 3t

A4 - Fabg vl T EE 944 HE
A9 A Ast HoA A Ao 27 A
AT o2 4132 M ofHZE T A5
= HZ7] I RE A37F 23] glerz A
o B3 ZEfo s AAHAk 34, Bz F3
Fopgo] A sE otz AFo] & Fu
FA7) 28435 27T 2FE A2 At 2
HEE, A 2 2 A B3 HE(R, Cooll 93] P

oftR 1 A5 E AAHY 4 Utk oleist, 33 HE
Ag g 2 FZ gH A9 e 4 (12)
o 2.

781



BEBYKREEANGE H14 5 $£85% 2003588

g

J8 5. A8t B2 PLLS Z& S35 §A7) +2
Fig. 5. Configuration of frequency synthesizer with
charge pump PLL.

1
Zan (f) X ]2 ﬂfc;;

Z.'ird (f) = 1
Zowa (N + Ry + 327C,

2h 1+/27fR,C;
2nd R2afx(G+ Ci+i27fRiCiC) (12
el Fshsol ls) 42 PLL B E 3} 91 of
7k BE A%, ARATH A% A2 B2 (cont-

nuous time approximation)g ©]&3d}e] H3l FHE

PLLS s4 gt &, PLL 329 /) FX o5
Aitstd(normalized) H FX 0)& g 7]
A (13) Zo] 3% + sk
Go(.f) = G(f) xH
G
G0 = T Gh =T * ! (13)

= _ Ky Z,.(H Kvco A

olH, 914 - F3s BILI] ol Bk v

I7 & FHF( S o)l HEHA

A71A, &HF FE I5(GN)FH BT F2 9|
G

l—exp (—wf 2r )
Gulh = Mﬂ %L o|t},
Fodor
g I8 5ol A9 534 S 359U A
3 Ry, ROl & A #4813 st o
3 Zro] YdAHEAE A3t}

— 1 _ 1
ZaD="jaae; Zre D=Rit azre,

_ 1 _ Zc DX (Rs(N+Zc (D
Ze N="gzpc;» “rcc D=z hF (R, (D ¥ 2. (D
(14)

782

2] (98} (14)ZHE A Alo] &7 A4 o
29 4% B 89 A Gt
Z reclPH Zc(f
Vir{= Va(Ry)x Zre,(D+Zpee, (D x Ri+Z.(hH

for no amp gain

_ Zc(h Zc(N
VD= Ve R A e+ 20D ¥ Re¥ 2D
for amp gain A (15)

olm, A&} Ryol 93 AY 4=

AR .
Vo ()= Vip(R3) X Zrmco D+ Ze (D) with no amp

Z(H

Var(H= Ve(R3) X m with amp

(16)
ojd, o714
e (B e )

1 1
Bt Zozre, t 72nfc,

Zr rcc{h = + R,

293 2E 553 A9 53 BHE FHY 7
F.5F 249 FE Vi RS Cs 27 9930 4

Z, ()
VnanoD = VXA g2 2eh (D)

42 T4 BT AT DAY BE 3Y

Z3% A7 E 13} 22 HSEEE A3
o] A7 A zst et 200 kHz Fa4 A4 S B
29 F95E 2E FA5 PANE 10 MHz
TCXO(Temperature Controlled Crystal Oscillator) 5=
= OCXO(Oven Controlled Crystal Oscillator) 7]
5 w7 e
S BRI Ak Alo] w79 A 7
e FH HiHcurve fitting)E AHE-3ke 4
Fo 7187 B4 2 A B RS

gtk 14 63 17 72 o9 ol 24
vkx

RED NG B ARSI AFE yehiD 3
o gebd, A4 Ae A% 4R 19 63 19
AN Nyo(HE VR % e,

-~
1o
=



B 1. Fag 34719 24 sty
Table 1. Design parameters of frequency synthe-

sizer.

Parameter Value
Output frequency 2.5 GHz
Comparator operating frequency 200 kHz
VCO gain 68.4 MHz/'V
Phase - Frequency comparator gain | | mA
Phase margin 55°
Reference frequency 10 MHz
TCXO / OCXO Custom
VCo Murata
Phase - Frequency comparator noise | ~210 dBc/Hz
Loop bandwidth 5 kHz, 10 kHz
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