Ultrawideband regenerative amplifiers via intracavity
acousto-optic programmable gain control

Thomas Oksenhendler, Nicolas Forget, Daniel Kaplan, Pierre Tournois
Fastlite, Bat 403, Ecole Polytechnique, 91128 Palaiseau, France
thoksen@fastlite.com

Pierre-Mary Paul, Gregory M. Greetham, Frederic Estable
Amplitude Technologies, 2, rue du Bois Chaland, 91029 EVRY, France

CLEO 2006

L FASHITE ULTRAFAST SCIENTIFIC INSTRUMENTATION
mpltludc Advanced solid-state lasers ————————8

TECHNOLOGIES

Breakthroughs in Ultrafast Laser Technology



Ultrawideband regenerative amplifiers

e Goals : regenerative amplifier with :
— sub-20fs pulses at 800 nm,
— mJ-level,
— high temporal pulse contrast.

e Problems:
— gain narrowing => spectrum FWHM < 35nm
— reliability,
— pre/post pulses, ASE,
— stability.
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Ultrawideband regenerative amplifiers
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Ultrawideband regenerative amplifiers

Spectral gain narrowing => spectrum FWHM < 35nm

Il

Solution : “Regenerative pulse shaping” 12
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Ultrawideband regenerative amplifiers

“Regenerative pulse shaping”

Spectral filter
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Ultrawideband regenerative amplifiers

“Regenerative pulse shaping”

Spectral filter
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Acousto-Optic Programmable Gain Control Filter - similar to AOPDE

(AOPGCF) —> uses non diffracted beam

- Brewster incidence angle
—> low passive losses

- collinear interaction geometry
—> efficiency and resolution

diffracted beam i . ;
acoust|c wave very easy calibration

—) crystal physical constants
/\ and 1 spectral point
J

non-diffracted beam
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Acousto-Optic Programmable Gain Control Filter
s A

 Advantages:
— low residual losses,
— high spectral resolution (1nm)
— Nno spurious pulses,
— complete software programmability,
— easy installation and calibration

 Drawbacks :
— low damage energy threshold : =1lmJ/1mm?2,

— dispersion of the TeO2 crystal : => >200 000 fs2 to compensate
—> Acousto-Optic Programmable Dispersive Filter (AOPDF)
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Experimental setup
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Ultrawideband amplification experimental results
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Spectrum enlargement :
1 | | |
w AOPGFC 3 3 3
(80 nm) Nl
075 \ AN I
8 | ; |
> : : :
‘B o+ A4 Ay
-
0}
j= ‘ ‘
o N A w/o AOPGFC Y N
(35 nm) 1 1
9 o f I i I i i am—
S 740 760 780 800 820 840 860 880
Q Wavelength nm
NG 9 Y,

. + ﬂs HITE ULTRAFAST SCIENTIEIC INSTRUMENTATION
Advanced solid-state lasers _-‘

mplitude

CECHNCIOCIEE

Breakthroughs in Ultrafast Laser Technology



CLEO 2006

Ultrawideband amplification experimental results
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Ultrawideband amplification experimental results

-

N

Pulse contrast :

1.E+00

1.E-01 -

1.E-02 -

Intensity (a.t

1.E-06 -

1.E-03 -

1.E-04 -

1.E-05 -

~

1E07 i Ml

Delay (ps)

)

mptitide

TECuNo B8

FASHITE,

; ULTRAEAST SCIENTIFIC INSTRUMENTATION
Advanced solid-state lasers '—-'.

Breakthroughs in Ulfrafast Laser Technology



Conclusions

Summary :

spectral enlargement from 35nm to 80nm =) shorter pulses
— duration 29fs to 18fs FWHM

no ASE-contrast degradation (107) = high contrast

stability of 18fs pulses is 1.2%rms = reliability

energy limitation to about 0.5 mJ [without post amplification]

:> 200 TW laser chain system
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200 TW laser system
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