* Notes Set 20: Noise 1n Signal
Sources (Phase noise )

handwaving re 1/f noise. Small-angle PM. Spectral descriptions of PM and
AM

Amplitude noise and Phase noise sidebands. Energy relationships to find
timing deviations. Phase noise in oscillators. Van Der Pol Model.

Derivation of oscillator phase noise spectrum, 1/f and 1/{"3 regions

Example: Phase lock loop for subpicosecond laser timing stabilization
including: phase detector noise, AM-PM conversion, etc.

Comments on PLL design generally
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Laser Timing Stabilization

Phase Nolse Speciral Densily at Compressor Output

B | B o e i B b e B e b M

.50 N . l.mau O 20.6 ps rms jinar . MR
F (.25 He - 25 kHz}

o | e
Phase Shifter A0 Cell Mode-Locked =70 — Loop ©n: <0,30 pa ime 11
" Laser: o) O L TS R

corlrol vellaga

sl Phase | _ Photo- (3 B \ ol IR, SR
diod ] ' '
+_'l' Detector ede 2o [ W)

¢ Maddied BpactaPlgeias Barles 3000 __
* | 030 3 WUYAG Lasir, 1,00 um, 82 Mz {

: SRR ] RS S PV ERPRPEPRTY.
iiy'2 2:1 Frequency w | Reference 140 SR -

- Dividier =1 Oscillator o.1 i i 100 1000 1000
Cilaal From Caviod, Hz

L,ifl, 9B(1 Hz)
&

This method is applicable to any actively mode-locked laser.
Passively mode-locked lasers can be phase-locked by introducing an
electrically-controlled cavity tuning element
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phase noise integration

10 dB
PIF. ik i 7 ] B | | S P PR
.

e |

éanlar 58 GHz _Sp;n 10 kHz Resolution 100 Hz

|8, (w)da

w lenae

|7 = o2 ==
T

@,,, 18 the low - frequency limit of integration

~ T/ T, where T is the period of observation

In words: Power in sidebands divided by power in carrier is mean-squared phase
deviation in radians. Divide by the radian frequency to obtain the timing deviation
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phase noise theory and measurement

Laser timing and amplitude fluctuations:

+oo

I(t)= PT(1+ N(1)Y,

—

Laser Spectrum

S;(®) = P’ exp(-0°0; ).

0,27

-exp|—(1—nT - J(1))’ /207 |

_2n5(a) —w,) ...laser harmonics
+Sy (0 —®,) ...AM sidebands

L+n2a)ij(cu - ®,) ...FM sidebands
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Laser Sampling and Timing Jitter

Laser
Strobe

Pulse
-JL Train

Device +
Input | \ynder e Output

Electrical Signal
Under I

Measurament

Laser Probe

Pulse / L/utmldllly
¥ chintributian af
! i puilsa miibval iima
R

\
.l
\

Sampled

Signal j\

Eguivalant (zampled) lima

-

Mode-locked lasers derive their pulse
repetition rate from the cavity round-trip
time. This resonator, in terms of the laser
intensity modulation intensity envelope,
has relatively poor Q (poor finesse) and
pulsed lasers have substantial pulse timing
fluctuations.

Relative timing fluctuations of the laser
and electrical signal source degrade the
system time resolution.

Good microwave synthesizer: =0.2 ps rms
jitter

Mode-locked YAG laser: =3-10 ps rms
(0.3 ps if phase-locked)
CPM laser: =5 ps rms jitter
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Sampling
Reducing the repetition frequency (bandwidth) of a signal
so that it can be measured with low-frequency instruments

_\_Strobe

J

Input o e— Output

OUtPW

If the strobe signal has repetition frequency fg and the input signal has
repetition frequency nfg+Af, the sampled output will be at frequency Af.
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Worksheeti
f, Hz L(f)openloop |L(f) closedloop |Required Actual loop |Closed Loop
desired Suppression  |suppression  |L(f)
1 -50 -120 70 80 -130
10 -80 -120 40 60 -140
100 -93 -120 27 40 -133
1000 -108 -120 14 20 -126
10000 -120 -120 0 0] -120

Loop bandwidth 1.00E+04
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Worksheet

E>

f, Hz L{f)openloop |L(f) closedloop |N(f) Maximum Permissible

dBec (1 Hz) desired dBc (1 Hz) AM/PM conversion, dB
1 -50 -120 -65 -55
10 -80 -120 -5 -45
100 -93 -120 -85 -35
1000 -106 -120 -95 -25
10000 -120 -120 -100 -20
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