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R1 377.996=R1
2 ζ⋅

ωn C1⋅
:=

C1 2.246 10
7−

×=C1
ωn

2
N nom⋅

Kd Kv⋅









1−

:=

Lpdx 77.537−=Lpdx Lpd Fref FLO,( ):=

Phase Detector Noise FloorLoop Parameters

Lpd Fref FLO,( ) 77.537−=

Lpd Fref FLO,( ) 20 log N nom( )⋅− 157−=

Lpd Fpd Fin,( ) 211− 20 log Fin( )⋅+ 10 log Fpd( )⋅− MargindB+:=

Phase detector noise floor, dBc/Hz, @ FoutPhase Detector Noise Floor

N nom 9.4 10
3

×=N nom floor
FLO

Fref









:=

Margin sought compared to ideal phase detector noise floor, dBMargindB 4:=

Kd
0.005

2 π⋅
:=

Kv 2 π⋅ 150⋅ 10
6

⋅:=

Fref 10
5

:=

ζ 0.8:=

Nominal loop natural frequency

Nominal loop damping factor

Comparison frequency at phase detector

VCO tuning sensitivity

Phase detector gain, A/rad

ωn 2 π⋅ 3000⋅:=

FLO 940 10
6

⋅:=

PLL Synthesizer Phase Noise
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GOL s N,( )
Kd Kv⋅

N s⋅

R2

1 s R2⋅ C2⋅+( ) 1
s R2⋅ C1⋅

1 s R1⋅ C1⋅+
+ s R2⋅ C3⋅+









⋅ 1−

⋅:=

C3 6.926 10
9−

×=C3
Tref

4
Rx

1−⋅:=

Rx 360.942=Rx R1 R2⋅ R1 R2+( ) 1−⋅:=

Tref
1

Fref
:=

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.

C2 C2:=

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

C2 8.289 10
10−

×=C2 fcorner 2⋅ π⋅ R2⋅( ) 1−
:=

Corner frequency for LPF into VCOfcorner
8 ωn⋅

2 π⋅
:=

Lvco 75000( ) 109.006−=

Lvco 50000( ) 105.484−=R2 8 10
3

×=R2 2000 floor
10 R1⋅

1000
1+









⋅:=
Lvco 30000( ) 101.047−=

Lvco 1000( ) 71.504−=

Lvco 10000( ) 91.504−=

Lvco f( ) 10 log
F k⋅ T⋅

2 Po⋅
1

Fo

2 QL⋅ f⋅









2

+








⋅








⋅:=

Po 0.001:=Fo FLO:=QL 5:=

T 290:=k 1.38 10
23−

⋅:=F 4:=

------------------------------R2----------------->  VCO
         |               |                            |
        C3          R1                         C2
         |               |                            |
         |             C1                          |
         |               |                            |
       ___         ___                       ___
        _              _                          _

VCO Parameters for Leeson’s Model PLL Architecture for Loop Filter
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GAng ii arg GStarii( ) 180

π
⋅:=GMagii 10 log GStarii( )2



⋅:=

Gii GOL sw ii N nom,( ):=GStarii

ksum

GOL sw ii jx ksum⋅ w s⋅+ N nom,( )∑:=

ksum 3− 3..:=sw ii jx fw ii⋅ 2⋅ π⋅:=

w s 2 π⋅ Fref⋅:=jx 1−:=

fw ii 10
0

ii

257
7⋅+

:=

C3 6.926 10
9−

×=

C1 2.246 10
7−

×= R2 8 10
3

×=ii 0 256..:=

C2 8.289 10
10−

×=R1 377.996=Examine open-loop gain function

Copyright J.A. Crawford 2004



J.A. Crawford U10219 PLL Synthesizer Phase Noise 
Assessment.mcd

4

Open-Loop Gain and Phase
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1 Gii+
:= T1dBfii

10 log T1fii( )2


⋅:= Closed-Loop
Transfer 

Functions
T2fii

1

1 Gii+
:= T2dBfii

10 log T2fii( )2


⋅:=
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Closed-Loop Gain Functions for Stability Investigation 
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Predict Phase Noise Performance of PLL
External Reference Phase Noise (SSD200 10 MHz Std)

kt 0 5..:=

Fxo
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:= FLxokt
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Ftcxo 10 10
6

⋅:= k 1.38 10
23−

⋅:= Boltzman

Ltcxo f( ) linterp FLxo Lxo, log f( ),( ):= T 290:= Temperature

Lrefii
Ltcxo fw ii( ) 20 log

Ftcxo

Fref









⋅− 20 log N nom( )⋅+:=

Lrefii
10 log 10

0.1 Lpdx⋅
10

0.1 Lrefii
⋅

+


⋅:= Add noise from Phase Detector floor and Reference TCXO

P1dBii
Lrefii

T1dBfii
+:=

P1fii
10

0.1 P1dBii
⋅

:= Plot of Phase Noise Spectrum Due to Reference Noise at PLL Output
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P2dBfii
Lvco fw ii( ) T2dBfii

+:=

P2fii
10

0.1 P2dBfii
⋅

:=

Phase Noise Contribution from VCO Self-Noise to PLL Output Spectrum
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Compute Phase Noise Arising from R1 in PLL

Y1 s( )
1

R2
1

s C2⋅
+

:= Za s( )
1

Y1 s( ) s C3⋅+
:= Zb s( ) R1

1

s C1⋅
+:=

pn ii 4 k⋅ T⋅ R1⋅
Za jx 2⋅ π⋅ fw ii⋅( )

Za jx 2⋅ π⋅ fw ii⋅( ) Zb jx 2⋅ π⋅ fw ii⋅( )+
⋅

1

1 jx 2⋅ π⋅ fw ii⋅ R2⋅ C2⋅+
⋅

Kv

jx 2⋅ π⋅ fw ii⋅
⋅

1

Gii
⋅

1

2
⋅:=

P3dBfii
10 log pn ii( )2



⋅ T1dBfii

+:= P3fii
10

0.1 P3dBfii
⋅

:=

Kv

2 π⋅
1.5 10

8
×=R1 377.996= R2 8 10

3
×=

Phase Noise Contribution at PLL Output Due to R1
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Compute Phase Noise Arising from R2 in Loop Filter

Zx s( )
1

R1
1

s C1⋅
+

s C3⋅+








1−
:=

pn2ii 4 k⋅ T⋅ R2⋅
jx 2⋅ π⋅ fw ii⋅ C2⋅( ) 1−

jx 2⋅ π⋅ fw ii⋅ C2⋅( ) 1−
R2+ Zx jx 2⋅ π⋅ fw ii⋅( )+

⋅
Kv

jx 2⋅ π⋅ fw ii⋅
⋅

1

Gii
⋅

1

2
⋅:=

P4dBfii
10 log pn2ii( )2



⋅ T1dBfii

+:= P4fii
10

0.1 P4dBfii
⋅

:=

Phase Noise Contribution at PLL Output Due to R2
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linterp fw PSDx, 20000,( ) 84.195−=

linterp fw PSDx, 18750,( ) 83.3−=

linterp fw PSDx, 15000,( ) 80.347−=

linterp fw PSDx, 10000,( ) 75.622−=

linterp fw PSDx, 1000000,( ) 131.45−=linterp fw PSDx, 7000,( ) 72.256−=

linterp fw PSDx, 200000,( ) 116.397−=linterp fw PSDx, 5000,( ) 69.991−=

linterp fw PSDx, 100000,( ) 108.102−=linterp fw PSDx, 4000,( ) 69.168−=
linterp fw PSDx, 75000,( ) 104.094−=linterp fw PSDx, 3000,( ) 69.057−=
linterp fw PSDx, 50000,( ) 97.999−=linterp fw PSDx, 2000,( ) 70.388−=
linterp fw PSDx, 43500,( ) 95.85−=linterp fw PSDx, 1000,( ) 73.883−=

linterp fw PSDx, 31250,( ) 90.756−=linterp fw PSDx, 500,( ) 76.221−=

PSDxii 10 log P1fii
P2fii

+ P3fii
+ P4fii

+( )⋅:=
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Composite Phase Noise Output Spectrum for Output
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ku 0 200..:=

Fxku 1 10
6

ku

200
⋅

⋅:= Soutku
linterp fw PSDx, Fxku,( ):= LogFxku log Fxku( ):=

Integrated Phase Noise Out to FH Offset: FH 312 10
3

⋅:=

PhaseNoise FL( ) df
FH FL−( )

11
←

N
180

π
2

0

10

ix
FL ix df⋅+

FL ix 1+( ) df⋅+

fx10
0.1 linterp LogFx Sout, log fx( ),( )⋅⌠

⌡
d∑

=

⋅⋅←

:=

PhaseNoise 5000( ) 1.668= degrees rms

Phase Change Over Time

PhaseAccumulation τ( ) d f
2000 10

3
⋅

11
←

N
180

π
8

0

10

ix 1

2 τ⋅
ix df⋅+

1

2 τ⋅
ix 1+( ) df⋅+

fx10
0.1 linterp LogFx Sout, log fx( ),( )⋅

sin π fx⋅ τ⋅( )
2⋅

⌠



⌡

d∑
=

⋅⋅←

:=

PhaseAccumulation 3.2 10
6−

⋅ 3⋅  0.237= degrees rms

Dat
ku 1,

Soutku
:= Dat

ku 0,
Fxku:=
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Residual FM

ResidualFM FL FH,( ) df
FH FL−( )

11
←

N 2

0

10

ix
FL ix df⋅+

FL ix 1+( ) df⋅+

fxfx
2 10

0.1 linterp LogFx Sout, log fx( ),( )⋅
⋅

⌠
⌡

d∑
=

⋅←

:=

ResidualFM 100 100000,( ) 387.024= Hertz rms
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Basic Type-II PLL Parameters

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

θpd t ωn, ζ, Fstep,( )
2 π⋅ Fstep⋅

ωn

e
ζ− ωn⋅ t⋅

1 ζ2−

⋅ if ζ 1≥ sinh ωn ζ2 1−⋅ t⋅




, sin ωn 1 ζ2−⋅ t⋅





,





⋅:=

Peak phase error for a frequency-step input occurs for

Tfstep ωn ζ,( ) 1

ωn 1 ζ2−⋅

atan2 ζ 1 ζ2−,




⋅:=

3 dB Closed-Loop Bandwidth, Hz

BW3dBClosed ωn ζ,( ) ωn

2 π⋅
1 2 ζ2⋅+ 2 ζ4 ζ2+ 0.5+⋅+⋅:=

0 dB Open-Loop Band Bandwidth, Hz

BW0dBOpen ωn ζ,( ) ωn

2 π⋅
2 ζ2⋅ 4 ζ4⋅ 1++⋅:=

System Phase Margin

PhaseMargin ωn ζ,( ) atan 2
BW0dBOpen ωn ζ,( ) 2⋅ π⋅

ωn
⋅









:=

Peak Frequency Overshoot with Frequency Step Input

ωerror t ωn, ζ, ∆F,( ) 2 π⋅ ∆F⋅ e
ζ− ωn⋅ t⋅

⋅ cos 1 ζ2− ωn⋅ t⋅






ζ

1 ζ2−

sin 1 ζ2− ωn⋅ t⋅




⋅−









⋅:=
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