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Vyuziti: pasivni zavérka Q-spinanych a modelockovanych laser(, prvek pro
zvy3eni kontrastu optickych impulzl a pro potlaceni vlivu ASE v zesilovacich
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Tenky absorbér — absorbujici kvantové soustavy si ,nestini“:

;_h_S-8"_S-—niohlS
lo S S

v

a_a
=1-nio5la

» Vyvoj populace hladin udava rychlostni rovnice. Napf.:
dnf (i —nf)  ofh(v), a
-1 _ — In 1
dt Ta hv ! @)
» Obecné i pro Sifeni zafeni SA je potfeba pFislusna rovnice:
di
az - —niotl
» Pro malou zménu n$ podél absorbéru:

l1 =loexp(—njoisla) = T =exp(—niohla)
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Vliv délky impulzu
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» Oproti stacionarnimu feSeni neni rozhodujici saturacni intenzita zafeni, ale

satura€ni hustota energie
hv

of(v)

Es:
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Vzhledem k tomu, Ze To = exp (—aol):

ToW_E <T0 [exp (E) - 1] n 1) FRANTZ-NODVIKOVA ROVNICE
Wi Ein Es
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N3, 3
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» Rychlostni rovnice (Nt = No + N1 + N2 + N3):
dNo Nl g

—— =— — —Nol 12
dt 1 hw 0 (12)
dN; Ns Nz Ni 0Cea
S L L LaW 13
dt T3 + T2 T hw (13)
dN» No Oa
o T2 an 14
dt T * ho ° (14)
dNs3 N3 | 0Oea

W e (15)
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Absorpce excitovanych stavll — kratké impulzy
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Vicehladinovy SA
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Typy saturovatelnych absorbérd

» Organicka barviva
> SpiSe historické, rychla relaxace, rubin, Nd:YAG
» BDN - bis 4-dimethyl-aminodithiobenzil-nickel
» Rhodamin, barvivo 3955. ..
Krystaly s barevnymi centry
» Opét spiSe historické, obavy z degradace
> LiF:Fo_ (rubin, Nd:YAG)
Krystaly dopované pfechodovymi prvky
» Spolehlivé materialy pro Q-spinani
» Cr:YAG (1,06 um), V:YAG (1,32 um), Co:MALO
(1,54 pm)

Polovodicové heteropfechody — kvantové jamy
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ybrané krystalické SA
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LASER SOURCE

HR@1.3 ym R=90%
HT@808 nm @1.3pm

YAG Nd:YAG V:YAG

Z-SCAN SETUP
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——>

4mm 12mm 07mm | oo s f=75mm
Nd:YAG/V:YAG microchip laser Computer-controlled z-scan
> Laser emission at 1338 nm » Stepper-motor driven z-translation
> Linearly polarized TEMgg mode > Highly stable probe beam
> Pulse energy 80 + 0.3 pJ » Waist diameter 40.5 £+ 0.6 um
> Pulse length 6.2 +0.2ns > Rayleigh length 3.4 + 0.4 mm
> Repetition rate 250 Hz » Energy density range 0.001 — 3 J/cm?
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» Opticky izotropni materialy jako Cr:YAG, V:YAG, Co:MALO maji izotropni GSA,

ale anizotropni ESA
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» Opticky izotropni materialy jako Cr:YAG, V:YAG, Co:MALO maji izotropni GSA,
ale anizotropni ESA

» Mira saturace je zavisla na orientaci krystalu a na polarizaci zafeni
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Kvantova jama jako saturovatelny absorbér

» Prechody mezi hladinami kvantové jamy saturable absorber substrgte
vytvorené v polovodici
» Vzdalenost hladin (Aags) Ize ovlivnit Sifkou c—
kvantové jamy d
—
h?(nm/d)?
EHZT’ n:].,z... /
100% reflector
saturable absorber substrate
out
partial reflector 100% reflector

SOC - saturable output coupler

dislsctric coating  partial reflzctor AR coating
. ~ g —_—
» Mezni \aps uréuje ~ Eq fros - utput

saturable absorber GaAs substrate



Dalsi vlastnosti SA na bazi kvantovych jam
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Dalsi vlastnosti SA na bazi kvantovych jam

» SA pokryva spektrum 0,8 - 3 um
» Velmi nizk& hustota saturaéni energie (Esa ~ 1 — 100 pJ/icm?)
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1

S
®

0.6

0.4

change of reflectivity (%)

o
¥

-1 05 0 05 1 15 2 25 3 35 4 45 5
time (ps)

» Pomérné vysoky prah poSkozeni (~ 100 x Esat)
» Pomérné mala hloubka modulace na jednu kvantovou jamu (AT ~ 1 %)

» Dvoufotonova absorpce — absorpce roste s intenzitou — nesaturovana
absorpce

» Pomeérné vysoky index lomu polovodice
» https://www.batop.de/
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*  The absorption of single layer: na = 2,3%
(lineary scalabe with a number of layers)

¢  Wavelength-independent absorption (broadband)
*  Nonliniear optical respons (saturable absorption)
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*  The absorption of single layer: na = 2,3%
(lineary scalabe with a number of layers)

¢  Wavelength-independent absorption (broadband)
*  Nonliniear optical respons (saturable absorption)
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Pomérné velké nesaturovatelné ztraty na jednu vrstvu (Ans ~ 1 — 2 %)
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» Siroky spektralni rozsah 500 — 3000 nm
» Velmi rychla relaxace (jednotky ps)
» Velmi nizka hustota saturaéni energie (Esa ~ 10 — 50 pJ/icm?)
» Mala hloubka modulace na jednu vrstvu (AT ~ 1%)
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» P¥i spravné zvolené substituci maji rychlosti rovnice porad stejny tvar



¥ RICHARD C. POWELL: Physics of solid-state laser materials, Springer-Verlag,
1998

¥ BRIAN HENDERSON AND RALPH H. BARTRAM: Crystal-field engineering of
solid-state laser materials, Cambridge University Press, 2000

¥ YUKITO TANABE AND SATORU SUGANO: On the absorption spectra of complex ions
I, I, Journal of the Physical Society of Japan, Vol. 9, No. 5, 753-779, 1954

ﬁ Pfednasky: http://people.fifi.cvut.cz/sulcjan1/FLT/
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