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Noordam Figure 1. (top) Single shot image at a wavelength of 
2.6 μm as recorded with the infrared streak camera. (middle pan
el) Temporal profile derived from the single shot image. (bottom) 
Temporal profile obtained after averaging over 200 shots. 

We constructed an atomic streak camera where the 
photocathode used in conventional streak cameras is 
replaced by a sample of gas phase Rydberg atoms for the 
conversion from photons to electrons. Due to the low 
binding energy of the electrons of Rydberg atoms, the 
IR photonenergy is already sufficient to photoionize the 
atoms and create electrons. The combination of a low 
ionization threshold with the high photoionizat ion 
cross-section makes a Rydberg atom photocathode very 
suitable for use in an IR streak camera. 

We recently demonstrated the operation of such a 
camera at a wavelength of 2.6 μ m . 1 Gas phase atoms are 
excited to a Rydberg state by a U V laser prior to expo
sure to the IR radiation. The number of photoelectrons 
created is proportional to the instantaneous IR intensity 
therefore, the temporal profile of the electron pulse 
reflects that of the IR radiation. As in a conventional 
streak camera, the electron pulse is streaked over a posi
tion-sensitive detector and the width on the detector is a 
measure for the duration of the IR pulse. 

In the exper iment , two IR pulses separated by 
108 psec are directed onto the sample of Rydberg atoms. 
The upper part of Figure 1 shows a single shot streak 
image. The vertical axis corresponds to the propagation 
direction of the laser beam along the 1-cm slit in the 

anode, whereas the horizontal axis corresponds to time. 
Clearly two traces can be observed corresponding to the 
two light pulses. Since the ionization of atoms at differ
ent positions along the propagation direction of the 
laser beam occurs at different times due to the finite 
speed of light, the streak images are tilted with respect 
to the vertical axis. The middle part of Figure 1 shows the 
derived temporal profile of the image in the upper part. It 
can be seen that the measured pulse shapes are asym
metric (21 psec); they have a fast rising edge and fall off 
more slowly. The asymmetry is mainly caused by the dif
ference in group velocity between the pump and seed 
beam in the last amplifier stage of the O P A system, gener
ating the 2 .6-μm radiation. Note that such an asymmetry 
cannot be deduced from second-order autocorrelation 
measurements. Most recent experiments2 suggest that the 
IR streak camera has a time resolution of about 1.5 psec 
and operates throughout the infrared (1-100 μ m ) . 
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Ultrashort Pulse Autocorrelator 

Jinendra K. Ranka and Alexander L. Gaeta, School of Applied 
and Engineering Physics, Cornell Univ., and Andrius Baltuŝka-
Maxim S. Pshenichnikov, and Douwe A. Wiersma, Ultrafast 
Laser and Spectroscopy Laboratory, Univ. of Groningen, 
Groningen, The Netherlands. 

T he standard technique for characterizing an optical 

pulse in the range of a few picoseconds to sub-10-fsec 

in duration is to measure its intensity autocorrelation. 

The measurement of such an autocorrelation requires a 

material whose nonlinear optical response scales uni 

formly with the square of the incident pulse intensity 

over a bandwidth greater than that of the pulse. The 

most common approach is to detect the amount of sec

ond-harmon ic light generated by a χ(2) crystal in a 
Michelson-type autocorrelator as one arm is scanned. 1 

Recent work has taken advantage of the quadratic 
intensity dependence of two-photon absorption (i.e., Eg 

> ħω > Eg/2, where CO is the incident light frequency and 
E g is the bandgap energy) in semiconductor diodes 2 , 3 

and a photoconductive switch 4 to perform intensity auto
correlations of pulses ranging from 10 psec-100 fsec. A 
significant advantage of these schemes over a second-
harmonic crystal /detector combina t ion is that the 
desired nonlinear response and the transformation of 
light into electrical current are integrated into a single, 
compact solid-state device. In addition, phase-matching 
considerations and spectral filtering effects5 are elimi
nated. In principle, these devices have the potential to 
measure pulses as short as a single optical cycle. Howev
er, for an autocorrelator device to gain wide acceptance, 
it is critical to completely characterize its properties, 
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Ranka Figure 1. (a) Spectral dependence of the generated two-pho
ton current for a GaAsP photodiode measured with an 80-MHz train 
of 100-fsec pulses (circles). The calculated spectral response of a 
100-μm-thick BBO crystal is shown by the solid line. (b) Interfero
metric autocorrelation measurement of a 6-fsec pulse with a GaAsP 
photodiode (circles) and a 15-mm-thick BBO crystal (line). (c) 
Range of the two-photon response for various photodiode materials. 

including the pulsewidth and spectral dependence of the 
two-photon response, the lower limits of measurable 
pulse duration due to the inherent dispersion of the 
device, and the dynamic range of input intensities over 
which the quadratic dependence is maintained. 

We have performed such an experimental characteri
zation6 of an "off-the-shelf" GaAsP diffusion diode 
(Hamamatsu G1117) for use in measuring pulses in the 
near infrared from modelocked laser systems such as 
Ti:sapphire. In Figure la we plot the measured spectral 
dependence of the two-photon response of the diode for 
a 100-fsec pulse train (circles). The response can be seen 
to be relatively uniform over a 250-nm range. For com
parison with a second-harmonic crystal of comparable 
sensitivity to the photodiode, the calculated spectral 
response of a 100-mm-thick B-barium borate (BBO) 
crystal for Type-I phasematching is shown (line). Figure 
lb shows the interferometric autocorrelations of a 6-fsec 
pulse measured using a 15-μm BBO crystal (line) and the 
photodiode (circles). These measurements demonstrate 
that the dispersive pulse broadening in the active region 
is minimal and that the bandwidth of the two-photon 
response is sufficient to accommodate such short pulses. 

At present, commercially available photodiodes 
should allow for autocorrelation measurements of puls
es ranging from 400 nm-10 μm (see Fig. 1c). We 
believe that, in many applications, photodiodes will 
replace second-harmonic crystals for use in ultrashort 
pulse-autocorrelation measurements as a result of their 
numerous advantages including sensitivity, broad-band 
response, low cost, compactness, and elimination of 
phase-matching requirements. 
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20 Femtosecond Visible Pulses Go Tunable 
by Noncollinear Parametric Amplification 
T. Wilhelm and E. Riedle, Institut fur Medizinische Optik, 
Ludwig-Maximilians-Universität München, München, Germany. 

T he past few years have revolutionized ultrafast spec
troscopy and femtosecond technology. Based on the 

modelocked Ti:sapphire laser and on amplifiers using the 
same active material, extremely powerful and stable sys
tems are now available with pulse lengths below 10 fsec. 
These sources operate at a fixed center wavelength and 

Wilhelm Figure 1. Sub-20-fsec pulses tunable across the visible. 
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