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PLL Synthesizer Phase Noise

FLO = 940 106
Oy = 2-7-3000 Nominal loop natural frequency
£=08 Nominal loop damping factor
5
Fref =10

Comparison frequency at phase detector
6

Ky :=2-w-150-1 . e
v m-150-10 VCO tuning sensitivity

_0.005

Kq = 7 Phase detector gain, A/rad

Margingg = 4

FLO \
Fref )

3
Nipom = ﬂoor( Nnom =94 %10

Phase Detector Noise Floor Phase detector noise floor, dBc/Hz, @ Fout
Lpd (Fpd - Fin) := =211 + 20-log (Fip) — 10-log(Fpq) + [Margingg|

Lpd (Fref. FLO) — 20-log(Npom) = —157

Lpd (Fref. FLO) = -77.537

Loop Parameters Phase Detector Noise Floor
-1
L =1L Fief, FLO
) wnz‘Nnom\ , pdx pd( ref )
1= _ .
Kq-Ky ) C1 =2246x10
2-¢
Ry = Ry = 377.996
0n-Cq

Margin sought compared to ideal phase detector noise floor, dB

Lpdx = ~77.537
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PLL Architecture for Loop Filter

R2 > VCO

_ | | |
F:=4 k = 1.38-10 23 T := 290 C3 R1 Cc2
|
|
|

VCO Parameters for Leeson’s Model

| |
C1 |

Q=5 F,:=FLO Py = 0.001

F, \2

11+
2P, 2Quf

Lyco(f) :== 10-log

Lyco(10000) = ~91.504
Lyco(1000) = -71.504

, Lyco(30000) = -101.047
) Ry = 8x 10 Lyco(50000) = ~105.484
Lyco(75000) = ~109.006

10R; )
Ry = 2000 floor +1
1000

8w
feorner = ©  corner frequency for LPF into VCO
27
-1 -10
C2 := (feorner 2 mRo) C) = 8.289x 10

Internal node capacitance (estimate) looking into VCO Tune Port adds to C2

Cr=Cy

Want C3 to act with R1 || R2 to mimic a zero-order sample hold response for best speed performance. Also,
in speed-up mode with LMX2332, loop bandwidth is doubled so this needs to be reflected in stability

considerations. 1

Tref =

Fref

-1
Ry = R-Ry:(Ry +Ry) Ry = 360.942
Tref -1 -9

C3 = Ry C3 = 6.926% 10

4

Kg-Ky Ry
GoL(s,N) = .
0 N-s s:Rp-C|
(1 + S-Rz-Cz)- 1+ ——+s:RyC3 -1

1+s-Ri-Cq
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Examine open-loop gain function R = 377.996 Cp =8289x10 10
i — 0. 256 -7 Ry = 8x 10°
:=0. Cy = 2.246 x 10 2= 98X

ii -9
0+— 7 C3 =6.926x 10
257
fwij == 10

jxi=4 -1 Wy = 2-T Fref

swij = jx-fwii-2-m ksum =-3.3
GStarjj = Z GOL(SWii + jx-ksum-ws,Nnom) Gii = GOL(SWiianom)
ksum

GMagj; = 10-10g|:( |GStarii| )2} GAngjj = arg(GStarii)-@
o
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Open-Loop Gain and Phase

100

50

Open Loop Gain and Phase
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“ob
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2
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s Vi
< PR
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A 50 P
= P B
= t s
s Pl
O -
-100
-150
3 4 5 6
100 1:10 110 1-10 1-10 110
Frequency, Hz
Gij 2
Tif, = T1dBf. = 10-10g|:( ‘Tlfn‘) :| Closed-Loop
i 1+G;i 1 1 Transfer
1 2 Functions
Tof = Toapf,, = 10-10g[(‘T2f..‘) }
11 1+ G;jj 11 1
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Closed-Loop Gain Functions for Stability Investigation

Closed-Loop Gains

10
0
-10
o 20
o
£
[a+]
O
-30
—40
-50
60 3 4 5 6 7
1 10 100 1-10 1-10 1-10 1-10 1-10
Frequency, Hz
Predict Phase Noise Performance of PLL
External Reference Phase Noise (SSD200 10 MHz Std)
kt:=0.5
10 ) -117 )
100 -126
1000 143
Fxo =1 10000 bxo =| e FLxo, = log(Fxokt)
5
10 -150
10° ) -150 )
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6
Ftcxo = 10 10 . ) -23
k := 1.38-10 Boltzman

LtCXO (f) = linterp (FLXO B LXO B log (f)) T = 290 Temperature

Ftcxo

Lrefii = Ltcxo(fWii) —20-log + 20-log (Nnom)

Fref )

0.1-L
0.1 Lde refii

Lier. := 10-log (10 +10 j Add noise from Phase Detector floor and Reference TCXO
11

P1dB.. = Lyef.. + T1aBf..
11 11 11

0.1-PgB..
11

Plfii =10 Plot of Phase Noise Spectrum Due to Reference Noise at PLL Output

Main PLL Ref Noise Contribution
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PadBt, = cho(fWii) + TodBr,
0.1-P2dBfii
Por =10
11

Phase Noise Contribution from VCO Self-Noise to PLL Output Spectrum

Main PLL VCO Noise Contribution

70

—80

-100 /' \

-110 y \

Phase Noise, dBc/ Hz

—120 / \\

130

140 / \\
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Compute Phase Noise Arising from R1 in PLL

1 1
Yi(s) = ——— Za(s) = ————— Zp(s) = Ry +
Y1(s) +5-C3 s Cq

Ry +
s-Co

Za(jX~2-n~fWii) 1 Ky 1 1
pii = TR Za (27 twig) + Zp (jx- 27 fwig) 1 +jx-2-71:-fwii-R2-C2.jx-Z-TE-fwii.G_ﬁ.ﬁ

5 0.1~P3dBfii
P3qpf, = 10~10g[( |Pnii|) } + TidBf, P3p =10
3 & isxaod
R| = 377.996 Ry = 8x 10 P
Phase Noise Contribution at PLL Output Due to R1
Main PLL R1 Contribution at Output
-80
. /\

-100
N
T 110
Q
[aa]
e
g _
Z 7120
Z
2
£ 130
A

-140

—150

-160

1 10 100 110° 1-10° 110° 1-10° 1107

Frequency Offset, Hz
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Compute Phase Noise Arising from R2 in Loop Filter

-1
1 )
Zx(s) = —1 +5-C3
Ry +

s-Cq )

(jX-Z-TC-fWii~C2)_1 Ky 1 1

pn2;j; ==,/ 4k-T-Ry- -

(jx-2~n~fwﬁ.c2)_ 1, Ry + zx(jx.z.n.fwﬁ) x2mfwip Gii (2

- ) 2} 0.1-P4qgpf,.
P4aBr, = 10-10g[( |pn2;i] )7 | + TiaBf, Py = 10 ii
1

Phase Noise Contribution at PLL Output Due to R2

Main PLL R2 Contribution at Output

—80

—90
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-110

—120
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10

PSDx;jj == 10-log (Plf.. +Por +P3f + P4f..)
11 11 11 11

linterp (fw ,PSDx,500) = —=76.221 linterp (fw , PSDx, 31250) = —90.756
linterp (fw,PSDx, 1000) = 73883 1.\ (1, psDx, 43500) = 95.85
linterp (fw, PSDx. 2000) = ~70.388 linterp (fw , PSDx , 50000) = —97.999
linterp (fw , PSDx., 3000) = -69.057 linterp (fw , PSDx, 75000) = —104.094
linterp (fw , PSDx. 4000) = 69.168 linterp (fw , PSDx , 100000) = —108.102
linterp (fw , PSDx,5000) = —69.991 linterp (fw , PSDx, 200000) = —116.397
linterp (fw , PSDx,7000) = —72.256 linterp (fw , PSDx, 1000000) = —131.45
linterp (fw , PSDx, 10000) = —75.622

linterp (fw , PSDx, 15000) = —80.347

linterp (fw , PSDx, 18750) = —83.3

linterp (fw , PSDx, 20000) = —84.195
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11

Composite Phase Noise Output Spectrum for Output

Main Synthesizer Phase Noise

—70

—80

=90

Phase Noise, dBc/ Hz

100

-110

-120

-130 3 ¥
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Frequency Offset, Hz

— Spectrum, dBc/ Hz
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-------- VCO Contribution
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5
1-10
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12

ku := 0..200 6.

200
Fxgy =110

Integrated Phase Noise Out to FH Offset:

PhaseNoise(FL) = |df «

11

Soutku = linterp(fw ,PSDX,FXku)

(Fr - F)

LogFxyy = IOg(FXku)

3
Fyy := 312-10

180
N < —

ix

PhaseNoise(5000) = 1.668

Phase Change Over Time

10 J,FL+(ix+1) -df

n'Z'Z

0.1-linterp (Long ,Sout s log(fx))
0 fx

= JFLtix-df

degrees rms

3
. 2000-10
PhaseAccumulation(t) = |df ¢« ——
11
10
180
Ne— |8 Z
T
ix=0
-6
PhaseAccumulation (3.2~10 -3,=10.237
Datku 1 = Soutku Datku,o = Fxku

1

—+(ix+1) -df

2.7 .
0.1-linterp (Long »Sout s log(fx))

0

1
—+ix-df
27

degrees rms

-sin(n-fx-’c)zdfx
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13

Residual FM

ResidualFM (Fp,Fy) =

ResidualFM (100, 100000) = 387.024

df «
11

(Fu - Fi)

10

N « 2-2

ix =0

Hertz rms

J,FL+(ix+1) df

Fp +ix-df

2

fx 10

0.1-linterp (Long , Sout » log(fx))

fx
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Basic Type-Il PLL Parameters

Phase error at phase detector (radians) output due to a frequency step change

§-op-t

27-Fep e . N A 2
epd(t,wnsCsttep) = . [if{ § 2 1,sinh| 0y &7 =1t ,sin|opy 1-87t

(O] 2

1-¢

Peak phase error for a frequency-step input occurs for

)
Tfstep(wnsC) e 'I_-atan2(c,v 1- CZI

Ox)n' ]._t_,

3 dB Closed-Loop Bandwidth, Hz

(O] 2 / 4 2
BW3dBClosed(0’nsC) = E-/1+2-C +24C +C +05

0 dB Open-Loop Band Bandwidth, Hz

On ) 4
BW0dBOpen(®@n . C) = ﬁ/ 207 +4/ 40 +1

System Phase Margin

BWOdBOpen(wn,C)-Z-ﬂ

Oy )

PhaseMargin ( Oy, C) = atan (2-

Peak Frequency Overshoot with Frequency Step Input

\
ont [
Son | cos| I—Cz-wn-t}—

®error (t>®n,{,AF) = 2.1-AF-¢ -sin|

1-¢

AN

{\/ 1- Cz-wn-t\)\

J
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