Ultrakrotkie impulsy swiatta —

wytwarzanie, pomiary, zastosowania



Ultrakrotkie impulsy laserowe — szkic historii

" Muybrigde — 1878
= Abram, Lemoigne — 1899 — Kerr cell

* Harold Edgerton — 1950-60 — mikrosekundy

= barwniKki —1970-10 ps = psera—10ps->100 fs — 25 lat

. -1980—-100 fs "fsera—100fs->5fs—18 lat

. -1985-10fs " as era—>5fs->100 as—ok. 15 lat
" [ppen — 1974 — SPM in CS, fiber

. 1978 — SM fiber (nJ)

" Nisoli —1996-7 — gas fiber (m)J)
» Corkum — HHG, 3-step model, as
= Sansone — 2006 — single 160 as pulse (Science 314, 443)
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Ultrakrotkie impulsy laserowe — krétka historia
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Ultrakrotkie impulsy laserowe — przepis
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» krysztat z szerokim pasmem emisji (Ti:szafir, Yb:KYW)
= wydajne pompowanie (jakos¢ wigzki!)
» kontorla dyspersji wneki (para pryzmatow i/lub lustra z ujemng dyspersjq)

» lustra z nasycalng absorpcjg (SESAM)



Laser femtosekundowy — osrodek wzmacniajacy

Pasmo emisji [nm] >200 nm

Pasmo absorpcji [nm] Ok. 150 nm
w okolicach 500 nm

Pompowanie Ar*
SH Nd:YVO
Defekt kwantowy np. 532 —-800 nm
QD=34%

ok. 10 nm

gtowny pik 3 nm
na 980,5 nm

diody AlGalnAs

980—-1030 nm
QD=5 %
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~Laser femtosekundowy — pompowanie

pompa Verdi V-5 (532 nm, Dioda (980 nm,
Coherent) Bookham)

Moc [W] 5 0,75
Cena [USD] 60 000 2 200
Cena za wat 12 000 3 000
Czas zycia 15000 h 100 FIT *

* failures in 10° device-hours
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Wspotczesny laser femtosekundowy

Ti:Sa CM - negative-dispersion mirror
] ‘_4 SBA - saturable Bragg reflector
pump OC - output coupler

CM
i
SBA CM oC 300 mW

saturale Bragg reflector
_AlAs/AlGaAs stack

reflectance (%)

| energy fluence
GaAs ~aw
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Najprostszy pomiar - autokorelacja
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S(t) = jE(t)E(t—r)dt
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Pomiar autokorelacji pojedynczego impulsu

SH intensity
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FROG - idea

SHG
T
kT.

j E@t)E(t -t )exp (—iot)dt

leroc (0) T )OC




FROG - odzyskiwanie pola elektrycznego

G(tt) = E(E(t-x)

Vheos (@,7)
G(o,7) \ > G'(o,1)

F F-

E(t) — G(tt) < \ G'(Yt,r)

z=([|6t) - EWER-)| dt do
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FROG - praktyczna relalizacja

time resolution = 0.8 fs

wavelength resolution 0.4 nm @

J spectrometer

<>

100 um KDP
type | SHG




FROG — przyktadowy wynik

time

wavelength

63 time points
24 wavelength points

intensity [a.u.]

0.045
0.040 1
0.0351
_ 0.030
o
= 0.025-
[}
O 0.020 1
o)
o 0.0154
L
0.0101
0.005 1
0.000 T T T r T
10 20 30 40 50
number of iteration
2.0 -2.0
1.8 1 -1.8
1.6 -1.6
1.4 1.4
1.2 ] : F1.2 2
1.0 o =—» F1.0 =
(] = (0]
0.8- . Dﬁ ﬂm%q F08 &
] O (]
0.6 . b%qﬁ L06 S
0.4 - % H F0.4
0.2- Ty o [0.2
0.0 : S -0.0

time [fs]

50

100



FROG — inne nieliniowosci

d )
2" Harmonic
Generation

d )
3'° Harmonic
Generation
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Polarization
Gate

Self-
Diffraction

G(t1) = E()E(t-=)

®  most sensitive
(second order
process)

= ambiguity in time
direction

® requires phase
matching

G(tt) = E*(WE(t-t) G(t1) = EQ)|E(t-)|?

® quite sensitive
munintuitive traces

® large bandwidth

® requires
polarizers

®mintuitive traces

®no phase
matching

G(t1) = E*()Et)

® |east sensitive
® intuitive traces

® requires thin
medium
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SPIDER

SPectral Interferometry for Direct E-field Reconstruction




V.V

| A I WYBRANE ZAGADNIENIA Z OPTYKI, WYKtAD XlII

Pomiar naprawde krétkiego impulsu =5 fs

__ADP
type Il SHG

spectrograph '

=




Macierze ABCD w optyce geometrycznej

Soczewka GRIN (Graded Refractive INdex)

- n(r) = no(l——azzfzj

7 B Termn =

cos(ad) %sin(ad)
—asin(ad) cos(ad)

Cienka soczewka — ztozenie dwoch sferycznych granic

sphere —| _ =




