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Motivation
Applications of ultrafast semiconductor disk lasers (SDL)
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scxsMIXSEL concept

➠ semiconductor based!
➠ integrated saturable absorber!
➠ power scalable!
➠ potential for monolithic design!
➠ low noise operation
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absorber characterization

QW-absorber 
MIXSEL

➠ blue-shifted absorption!!
➠ operation near the band-

edge

coating for low group-delay dispersion

➠ flat and small group 
delay dispersion around 
lasing wavelength!!

➠ essential for operation 
in SDLs[5]

first Watt-level femtosecond VECSEL [1]!!
➠ 784-fs-pulses with >1 W output power in a 5.4 GHz V-cavity [1] M. Hoffmann et. al.,  Optics Express (2011) 
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first CEO-frequency detection of a SESAM-modelocked VECSEL [2]!!
➠ amplified and recompressed 238-fs pulses from a 100-mW VECSEL
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results of repetition rate scaling[7]

femtosecond 100-GHz MIXSEL

➠ shortest pulses of a MIXSEL!!
➠ highest repetition rate of 

any SDL
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➠ fast absorber recovery 
despite annealing!!

➠ nearly 50 times faster than 
previous QD-absorber

➠ low saturation fluences 
at elevated temperatures
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  ultimate goal:! fully stabilized frequency comb ! ! 
! (repetition rate & CEO-frequency) from                            
! a compact, low cost MIXSEL                           

   next steps:! sub-200-fs pulses with nanojoule pulse     
! energy from a MIXSEL                          

!
➠ sub-4-ps pulses and watt-

level operation up to 
15 GHz!!

➠ femtosecond operation at 
60 GHz and 101 GHz!!

➠ excellent beam quality: 
M2 < 1.05
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➠ average: 7.5 mW per line (30 dB-limit)
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VECSEL!!
Vertical External Cavity!
Surface Emitting Laser

SESAM!!
SEmiconductor 
Saturable Absorber 
Mirror

MIXSEL!!
Modelocked 
Integrated External-
Cavity Surface 
Emitting Laser

+

integration of !
saturable absorber

!
➠ straight cavity for nearly arbitrarily high 

repetition rates!!
➠ negligible Q-switching instabilities for 

semiconductor gain materials!!
➠ integrated absorber: no cavity dependent mode-

size difference on gain/absorber
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Repetition rate scaling to 100 GHz 


