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Time-resolved absorption/reflectivity/luminescence ...

U. Keller ETH, Zürich



Ti:sapphire LASER

Ti3+:Al2O3
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K.F. Wall and A. Sanchez. The Lincoln Laboratory Journal, 2 447 (1990)



Ti:sapphire LASER

Cental wavelength: 800 nm (375 THz)
Pulse width: 10-100 fs
Repetition rate: 80 MHz (     ), resonantor: ~2 m
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Pump: green, lasing: NIR



Lasing medium: relativistic free electrons traveling in an undulator
Interaction between the electron beam and the E-field of the radiation leads to 
bunching and coherent radiation 
Most widely tuneable LASER: from microwave to X-ray

Free Electron LASER (FEL)
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Time-Correlated Single Photon Counting



M. J. Rosker, M. Dantus, A. H. Zewail, J. Chem. Phys. 89, 6113 (1988).

LIF: Laser Induced Fluorescence
Fluorescence signal is measured after absorption 
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LIF: Laser Induced Fluorescence
Fluorescence signal is measured after absorption 
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Time-domain magneto-optical spectroscopy

J.M. Kikkawa et al., Physica E 9 (2001) 194.



J. Shah et al., Phys. Rev. Lett. (1987).Applied Surface Science 106 (1996) 457-465 



Y. S. Lee: Principles of Terahertz Science and Technology Springer, Berlin (2009)
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Dipole antenna fabricated on LT-GaAs: LT-GaAs:
-recombination: τrec=0.3 ps
-mobility: μ=200 cm2/Vs
(τscat=30 fs)

-gap: Eg=840 nm

Ti:Sapphire LASER:
-central wavelength: λ=800 nm
-pulse width: τ<100 fs
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THz spectroscopy: THz source



K. Sakai: Terahertz Optoelectronics Springer, Berlin (2005)

Ti:Sapphire 
@ 800nm
20 mW

THz radiation
2-3 μW

60 V

THz spectroscopy: THz source



Dipole antenna:

Y. S. Lee, Springer, Berlin (2009)
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Ti:sapphire
80 MHz

THz spectroscopy: time-resolved detection



Dipole antenna:

Y. S. Lee, Springer, Berlin (2009)
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High-frequency cut-off: 1/τrec~3..7 THz

Low-frequency cut-off: diffraction limited

THz spectroscopy: time-resolved detection
δ-pulse:



THz spectroscopy: full complex THz spectrum



Molecular rotational energy:

Rotational spectrum of water vapor
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Y. S. Lee: Principles of Terahertz Science and Technology Springer, Berlin (2009)
A. Bartels et al., Opt Exp 14 430 (2006)

High-resolution (~1GHz) 
THz spektroscopy:

THz fingerprints of molecules: rotational transitions



S. Nashima et al. J. Appl. Phys. 90 15 (2001)

Dopped p-Si waffer

ND=4.2×1015cm-3

Wireless testing of dopped semiconductors



Appl. Phys. Lett. 92, 012111 2008

Dopped n-Si waffer

Wireless testing of dopped semiconductors
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BCS fit: 2∆o=5 meV
Weak coupling: 2∆o=3.5kBTC=9 meV

Quasiparticle excitations below the gap

R. A. Kaindl et al., Phys. Rev. Lett. 88 027003 (2002)

Electrodynamics of superconductors: MgB2



PRL 96, 107401 (2006) 10.1038/nature11231
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Metamaterials in the THz range



R. Huber et al., Nature 414 286 (2001)

NIR pump – THz probe spectroscopy

Time-resolved study of a Coulomb gas



Excitions in Cu2O

Phys. Rev. Lett. 96, 017402 (2006)

NIR pump - THz probe

THz response at Δt=1 ps
Stimulated emission:

Stimulated THz emission from excitions


