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Characterization of visible, UV and NIR femtosecond pulses

- pulse energy

- spectral distribution

- beam profile

- intensity autocorrelation

- fringe resolved autocorrelation

- crosscorrelation

- FROG: frequency resolved optical gating

- SPIDER: spectral phase interferometry for direct electric-field reconstruction
- concluding remarks

WINTER SCHOOL ON LASER SPECTROSCOPY AND APPLICATIONS (19 February - 2 March 2001) E. Riedle

Powermeter for Femtosecond Pulses ???

Wavalength Ranges of SmartSensors

100 nm 1,000 nm 10-00'; nm 100,000 nm
|

Thermal Sensors

250 nm (NENEREDNETEE T 10.600 nm

190 n TDEREEED T E 5,000 nm
190 o BRI 350 nm
250 AENREANEOINRRENNARINERNE 500 nm

Semiconductor Sensors
200 nen JREENI 400 i
400 nn [NNEEEEN 1.064 nm
800 nm IEEIIS 1,550 nm
Pyroelectric Sensors
190 om TN/ R 20,08
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Spectral Sensitivity (typ.) (Ta = +25°C)
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Autocorrelation Measurements

Correlation function:  Agor(T) = T lreference (t)"sample (t - 't)dt

The shape of a sample pulse is measured by observing the overlap with a shorter
reference pulse at variable delay. A nonlinear detector records the signal.

Such a reference pulse is often not available and the sample pulse itself is used.
Intensity AC: AAC (’t) = I 'sample (t)"sample(t - T)dt

Pulse: E(t) = £(t)-'¥.e"™
E(t) slowly varying envelope of the electric field
ot) slowly varying phase
W carrier frequency of laser

By suitable experimental observation all fast variations of the field and all spatial
dependencies are averaged. Only the terms pertaining to £(t) are recorded.
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Autocorrelation measurement
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In a Michelson interferometer (with second harmonic detection) there is no
complete averaging and the phase of the electric field has be taken into account:

2
AAC;interferometric(T)= _L l[E1(t"'°)"'Ez(t)]z| dt

Apc(®) = AlR) + Re{4l§(¢)e‘“"‘] * Relzé(c)ez"""l

A7) = T dt{514(t-1:) + E3(t) + 4812(t—1:)£22(t)} "background" + "envelope"
_ | 2 2 i[(p1(l—1:)-(p2(t)] neus "
By = | ot S,(t—r)sz(t)[51 (t-7) + £2 (t)]e fringes

2 et-2-0,(0) "higher order terms"

C() = T dtjsf(t—t)-sg(t)-e

interferometric autocorrelation / fringe resolved
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Pulse Characterization by Photodiodes

AlGaAs LED: quadratic dependence at 800 nm, AC of 80 fs-pulses
D. T. Reid, M. Padgett, C. McGowan, W. E. Sleat, and W. Sibbett, Opt. Lett. 22, 233 (1997)

GaAsP photodiode: quadratic dependence at 800 nm, AC of 6 fs-pulses
J. K. Ranka, A. L. Gaeta, A. Baltuska, M. S. Pshenichnikov, D. A. Wiersma, Opt. Lett. 22, 1345 (1997)

SiC photodiode: quadratic dependence at 497 nm, AC of 90 and 480 fs-pulses
T. Feurer, A. Glass, R. Sauerbrey, Appl. Phys. B. 65, 295 (1997)

Advantages :

no phaée matching = no angle tuning, broad acceptance bandwidth
no polarization dependence

no photomultiplier needed

robust and compact

readily available and inexpensive

Experimental Setup

NOPA

r <|{NOPA




‘ Autocorrelation Traces at 510 nm I

I Unchirped PuIsesI

l Counter Chirped Pulses I
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2 *
Isr(wsF,T) o ‘ [Ey(wsr - m)Eg(w)exp(imt)exp(i%)sin -A—g—li) dw

lcc(x) = [lsr(wsF,) dogr

80 k- — e. ; . Sic B8O BBO _ Gaussian pulses:
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* A. M. Weiner, |IEEE J. Quantum Electron. 19, 1276 (1983), SVA-appr.

‘ Frequency Resolved Sum Frequency Signal I
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Conclusions

e  Bandwidth limitation of < 100 um nonlinear crystals can result in
observed crosscorrelations much shorter than the real ones

e Reliable and simple auto- and crosscorrelation measurements of
sub-20 fs visible pulses in SiC photodiodes (two-photon conductivity)

e  Crosscorrelation at the sample position of the spectroscopic
experiment

S. Lochbrunner, P. Huppmann, and E. Riedle

Crosscorrelation measurements of ultrashort visible pulses: comparison
between nonlinear crystals and SiC photodiodes

Opt. Commun. 184, 321-328 (2000)

Frequency Resolved Optical Gating
Schematic setup for Kerr (polarization) FROG
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Bl r2
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FREQUENCY-RESOLVED OPTICAL GATING

(FROG)
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Sapphire Laser
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Characterisation of Laser Pulses
with SPIDER

(Spectral Phase Interferometry for Direct Electric-Field Reconstruction)

e Principle

o Experimental Setup
e Results

e Conclusion
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Spectral Phase Interferometry for

Direct Electric-Field Reconstruction
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Spectral Shearing Interferometry

S(w) = Iw) + lw+ 2) + 2/ Hw) [(w+ 2)
x cos{Pp(w+ £2) — p(w) + wr},
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Frequency
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- Unwrap phase
- Subtract calibration
- Concatenate
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Spectral Phase of NOPA after Chirped Mirror
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Pulse Shape of NOPA after Chirped Mirror
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