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Boldface notation

total = nominal + fluctuation
p(t) =2mvot + (t) phase

v(t)=vy+ (Av)(t) frequency
x(t) =t + x(¢) time
y(t)=1+y(t) fractional frequency

Phase noise spectrum
Definition
S,(f) [rad?/Hz] is the one-sided PSD (f > 0) of ©(t)

So(f) =2F{E{et)p(t+7)}}, [>0

Evaluation ) .
Sw(f) = T<(I)T(f) (I)T(f)>m
avg on m data, ®7(f) = DFT of ¢(t) truncated on T'

Usage most often, ‘phase noise’ refers to Z(f)

Only 101og,o[Z(f)] is used, given in dBc/Hz
Definition: Z(f) = %Sw(f) [the unit c/Hz never used]

Two-sample (Allan-like) variances
Definition
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Literally, the unit ‘c’ is a squared angle, v/c = v/2rad ~ 81 0'8.0 05 - = =
( Frequency fluctuation PSD <—> Allan Variance )
2 .
4g (f) Fractional-frequency spectrum b Oy (1) Allan Variance (AVAR)
177 <= WPM 0.076 f57hs /72 best for atomic .
@%ﬂ- PM ~ 0.166h, /72 time scales

{l
2/ 2 W2
2 h 4@
W% U ho w W
U g 1 - . N
1 ™ reZ’Cker white o °
Uen, frequenc P
log/log y q 4 f

DOI: 10.5281/zen0do.4399218 (latest version)

©Enrico Rubiola
@ ORCID 0000-0002-5364-1835 Last update

January 19, 2022

Page 1/2

—————

sum

Additive Noise Leeson effect

‘ output RF noise added to
the carrier
Statistically inde- \
pendent AM & PM So(f)
1Z0) "

Parametric Noise

Near-dc noise mod-
ulates the carrier

AM & PM related and

Oscillator's PM-noise equivalent

phase noise

1 dp(t)
2w dt

Freguency Domain

on

frequency
fluctuation

time fluctuat

4?25,

——p
S,

narrowband
Time Domain ] (
X(t) = ©(t) second ¢ % rad’/Hz
) = - S °
2mvg x(%) s 2 S, (f)
o &
= <
= [e%
(0]
E; = :g
X |
i~
I
=
o
g g > C
> Tg 22
> S 2 ¢S
_ (Ar)(@) = 52
=— N g = e
Y dimengjonless = ==

Y,
2-sample variances
AVAR, PVAR etc.

Spectra and Polynomial Law
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Frequency Counter

Wavelet Variance
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Other Two-Sample Variances

Parabolic Variance PVAR

best corner detection with
the shortest data record
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Spectra to Variances Conversion
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