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High-Speed A/D-Conversion
 (100 GHz)
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Output 
@ 1350 - 1550 nm 

Output
Coupler

Saturable
Semiconductor
Absorber

Cr     :YAG - Crystal
8mm long, 
10 GHz Repetitionrate

4+
Dichroic
Beam Splitter

Nd:YAG Laser
or Diode Laser

Mode-Locked Cr    : YAG Microchip-Laser4+ 

• Compact: Saturable Absorber,
                   Dispersion Compensating Mirrors
•10 GHz, 20 fs - 1 ps, @ 1350 - 1550 nm
•Very Small Timing-Jitter < 1 fs
•Cheap (< 10.000 $)



Classical and Quantum-Noise in Optical Systems
(Modes of the EM-Field)
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States and Quadrature Fluctuations
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Balanced Homodyne-Detection
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â

a>>

( )jj eaea

aaI
+−

+

+=

+=
ˆˆ

ˆˆˆ *

( )�
×

×−

++= dttattatI )(ˆ)()(ˆ)(ˆ *

Continuum of modes

( )� ++=
m

mmmm aaI ˆˆˆ *



Loss- and Amplifier-Noise
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Dynamics of Mode-Locked Lasers

cavity roundtrip timeTR : A(T,t)  
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Steady-State Solution
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The System with Noise
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Soliton-Perturbation Theory
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Linearized and Adjoint System

Linearized system is not hamiltonian,
it is pumped by the steady-state pulse
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Basic Noise Processes
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Noise Sources
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Amplitude- and Frequency Fluctuations

Amplitude- and frequency fluctuations are 
damped and remain bounded
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Phase- and Timing Fluctuations

Phase- and timing fluctuations are unbounded
diffusion processes
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Timing Fluctuations

Quantum
 Noise
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Long-Term Timing Fluctuations T >> p, L, n, g 

Quantum
 Noise
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Semicondutor versus Solid-State Lasers

Semicon-
ductor
Laser

Solid-
State
Laser
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Semiconductor -Laser: Gordon-Haus-Jitter + Index-Fluctuations

Solid-State Laser: Gain-Fluctuations

Dominant sources for timing jitter:

Other parameters are: T=TR=100 ps, Φo =1



Conclusions

• Classical and quantum noise in modes of the EM-Field

• Spontaneous emission noise of amplifiers

• Dynamics of modelocked lasers (solitonlike pulses)

• Amplitude-, phase-, frequency- and timing-fluctuations

•Solid-State Lasers: no index fluctuations; possibly small

Gordon-Haus Jitter;  very short pulses; superior timing jitter in

comparison to semiconductor lasers
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