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Excimer lézerrel pumpalt rovid impulzusu
lézerrendszerek kutatasa, fejlesztése

80 mJ], 600 fs (100 fs) 248 nm-en
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VUV és XUV keltése

100 uJ, < 500 fs 83 nm-en
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ﬂmportant figure of merits

how they can temporally and spatially
concentrate their energy
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a) temporal and

of high intensity laser systems is
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\b) spatial quality of the pulses. /
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Focused Intensity (W/cm®)

Lézerek intenzitasanak fejl o6dése

Nonlinear QED: E-e-)_= 2m,c?
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Gyakorlati [ézer elrendezések

A konvencionalis elrendezésekben a fény
tobbszori korbejarasa szukseges

Aktiv anyag a rendezett feny keletkezéséhez.
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Gerjesztés:

2 szintes rendszer
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Potential energy curves for a typical excimer molec

ule

Potential energy \

complete population inversion
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good efficiency for long pulse

short pulse:
momentary accessable energy
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Typical level diagram of an excimer molecule
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Optical multiplexing

—= multiplexer =1 amplifier =1 demultiplexer
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Practical multiplexing schemes of interferometric a ccuracy
(based on Sagnac interferometers)
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(already operational)

Interferometric Multiplexing

KrF amplifying medium



R&vid impulzusok er o6sitése abszorpcio eseten
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FIG. 2. Normalized laser cne}gy in an amplifier vs total gain in a medium

FIG. 1. Normalized laser energy in an amplifier vs total gain in a medium,  With absorption of a = go/15. Convc-rgencc takes place at E/E,, = 15 for
with no absorption. large g,L, as predicted by the analysis.
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Optikai er 6sit6k fé6bb paraméterei az energias (riség fliggvenyeben
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A ter- és id obeli kontraszt fontossaga

ﬂ irany szerinti tulajdonsagok (a nyalab homogenitas ) megszabjak a\

fokuszalhatdsagot.

Az id ébeli (vagy intenzitas) kontrasztnak olyannak kell len ni, hogy a zaj
ne lépjen kblcsdnhatasba a targettel.

Ennek a hatara 10 7-1019 W/cm?2.

A hasznos jel megcélzott intenzitasa 10 2> W/cm?

k A megkivant intenzitds kontraszt  10%>-10'8 | /




4 h

Optikai erésitdk a j0 hatasfoknak megfelel6 tartomanyban a hasznos
jelet kevésbeé erdsitik, mint a zaijt.

Ezt elvileg kompenzalni lehet telitéd6 abszorberekkel, melyek telités esetén
nagyobb transzmissziot eredményeznek a hasznos jelre.

A zaj 6sszetétele: ASE

\ CPA-bdl szarmazo jel /
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A kétszin U” lezerrendszerek el o6nyei

a rovid impulzus

keltése

optimalis helyen végezhet 6
erésitese

Erdsités egy része hosszu hullamhosszon

nemlinearis zajsz (rés (ASE)

spektralis sz drés
aktiv térsz lres

hosszu hullamhossza frekvencia- rovid hullamhossza

oszcillator és erdsitd konverter veégerositd




A nyalab térbeli tulajdonsagainak valtozasa
nemlinearis frekvencia-konverzié esetéen.

. . . nemlinearis - - : \
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O /4 J4 rrooran » frekVeIlCia- > J4 roorgn
oszcillator €s erdsitd veégerdsito

konverter

klasszikus eset:

—_—

Jdedlis” eset:

\_

-1
jﬁ) Y




/

Confocal arrangement for fourier filtering of

a) Spatial filtering {aser beams

order selector
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Fourier transform of a flat-topoepeahanal ronysy

Intensity distribution

e
A flat-topped intensity profile ' A noisy intensity profile
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Active spatial filtering:
Nonlinear transmission
Instead of the aperture

/7%

Reprinted from

OPTICS
COMMUNICATIONS

Optics Communications 134 (1997) 199-204

Active spatial filtering of laser beams
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A heaviside-like transmittance function.
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SHG Saturable absorber
as an order selector
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Figure d : Tie re-transformed , filtered picture. Figure d : The re-transformed , filtered picture.




Kiseérleti eredmeények

150 A Lo
0 | 7
E | o \
31C0 \ .-'1 I 1" \
[¢5] [ \
-, \N — !‘ \\
2 N\ = i
D 50 VoA » 0r i
c / \ o i \
Q / \ % / \
c \
- X Z BT -
ol —4/ . TN 0 PR IS —
2 3 4 5 2 3 ) 4 5
Position [ Positior{rm

(c) (d)

Fig. 4. Measured distribution of the input beam (a) and the filtered output beam (b) using a frequency doubler as a nonlinear component.
(c), (d) Intensity distribution of the input and output beam along the central horizontal line in (a) and (b).
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Architecture

/short-pulse excimer lasers are
double wavelength systems

visible

or IR
oscillator
amplifier

| frequency

\_

converter

|

/solid-state systems use CPA

Chirped-pulse amplification

A

Short-pulse
oscillator

—>»

Pulse
stretcher

Pulse

COMPIessor




b) Temporal filtering

_____ Plasma mirror technigue
Intensity dependent reflection
\> ﬂ

~ temporal modulation
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Disadvantages: > loss in energy (power),
> limited improvement in the contrast (governed by the ratio of
the plasma reflectivity and of the reflectivity of the sample)
(more one order of magnitude improvement for one mirror),
» optical quality of the plasma front influences the phase front,
» fresh target area is needed for each shot.
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New ldea: Combination of the Plasma Mirror
with a ,conjugate” Spatial Filter

m this new arrangement the plasma mirror is positioned in the Fourier-plane of a\
focussing mirror put into the input beam.

The use of an annular input beam and an output aperture - allowing transmission
only in the ,central hole” of the annular beam - gives no transmission as long as
the reflectivity is the same for the different diffraction orders.

If the reflectivity (either the amplitude or the phase) is different for the more
intense central lobe of the diffraction pattern, the central hole of the aperture

Qecomes illuminated. J

With amplitude l
modulation

—

Extremely high contrast!

conjugate filters

~

\ plasma mirror



Intensity distribution at the Fourier-plampdane
for an annular input beam

/Fourier-plane: \
Input




Output distribution:
a) With no modulation at the Fourier-plane

Fourier-

plane
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b) With amplitude modulation at the Fourier-plane:
higher (than Oth) orders are suppressed by a factor of 25 (plasma mirror effect)

Output

Fourier-plane

Disadvantages: limited throughput (diffraction losses, limited plasma reflectivity)
fresh target area is needed for each shot.



Much better results are obtained and  simultaneous temporal
and spatial filtering occurs, when phase modulation s
Introduced In the focal plane instead of amplitude modulation.

c) With phase modulation at the Fourier-plane:
the O order is shifted by A/2 (in the self generated plasma)

Output

Fourier-plane
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Simultaneous spatial filtering occurs
In the central (transmitted) part of the beam

Output distribution with noisy input

with phase modulation at the Fourier-plane:
the O order is shifted by A/2
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Self-focusing in a self-generated laser plasma in a gas jet
IS capable of shifting the phase of the central lob e of the
diffraction-pattern by  A/2.

Experimental realization of the nonlinear plasma filter

At high intensity

Conjugate filters
Experimental \chambe\

T I
I N |
/L/ Gas jet

Pulsed magnetic valve




Experimental results

/ » a Kepler telescope of f = 670mm focal length \

» argon as a nonlinear medium
» pulsed gas jet of Imm diameter, opened for ~1.5 ms

Without gas in the focus With gas in the focus
(plasma generation)

\

Understanding/description of the ,transversal’ effect S in the Fourier-plane,
together with optimization of the experimental param eters
for maximum throughput (> 40%) and contrast (>10 3) are in progress.




Nonlinear filter as an image system

object plane imaging image plane
input filter component conjugated output filter
' 2f 2f
input

output

position of “focus” for a parallel input beam
(where modulation of the Fourier components

takes place)

~

/




Conclusion

ﬂ/lain features of the nonlinear plasma filter:

high improvement of the temporal contrast (>109)
sharpening of the leading edge (temporal filtering),
beam smoothing (spatial filtering),

self-adjusting (no need for precise alignement),
applicable in a broad wavelength range,
very high overall transmission

K (>40% obtained experimentally).
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