
Optics in 1997 
Ultrafast Technology 

Bromage Figure 1. FDTD simulation of a THz pulse propagating 
through two types of slit filters. The pulse is polarized parallel to 
the edges of the slit (TM polarization). The solid line shows the 
electric field evaluated on the line through the center of the slit. 
The filter on the left shapes the pulse by diffraction, whereas the 
filter on the right uses the cut-off of the short planar waveguide 
formed between the edges of the slit, to provide a much sharper 
cut-off and dispersion. 

modifying the pump pulse profile, or manufacturing 
more complex emitters, there are distinct advantages to 
shaping the T H z pulse directly. 2 Because the center 
wavelength is ~0.5 m m , quasi-optical components that 
directly manipulate the pulses' spectrum can easily be 
fabricated and adjusted to tune the device and modify 
the output. We have demonstrated how the simplest 
case—a slit—can be used to high-pass filter the incident 
T Ή z pulse. 1 Furthermore, by modi fy ing the spatial 
dimensions of such a slit filter we can easily produce 
high-pass filters with a range of desirable properties. 

Our emitter and detector were standard large aper
ture photoconductive antennas, 3 and were respectively 
triggered and gated by 100-fsec Ti:sapphire pulses. The 
slit filter placed between them was formed between the 
edges of two conductive sheets. The width of the slit 
could be adjusted and filters were made from screens 
with differing thicknesses. We modeled the effect of the 
slit filter using finite-difference t ime-domain (FDTD) 
simulations 4 of the propagation of the measured inci
dent pulse. In addition to giving excellent agreement 
with the experimentally measured pulse at some dis
tance from the filter, the F D T D simulations also enable 

us to examine the pulse while inside the slit. Figure 1 
shows the pulse propagating through two different types 
of filters. Both have a slit width of 0.5 m m , approxi
mately the mean wavelength of the T H z pulse. The left 
column shows a filter made from a screen that is thin 
compared to the mean wavelength. Diffraction of the 
transmitted pulse produces a high-pass filter that has a 
slow roll-off, but minimal dispersion. The filter on the 
right is formed from a screen that is thick compared to 
the pulse mean wavelength, and so the slit begins to 
resemble a short planar waveguide. This filter produces 
a much sharper cut-off at 0.3 T H z (6-dB transition 
bandwidth of 37 G H z ) and marked dispersion. The 
stop-band has 40-dB attenuation. As the diffraction 
does not contribute to the filtering, it could be compen
sated for using a standard silicon lens. 

This simple demonstration of a quasi-optical slit fil
ter, plus the power and accuracy of the F D T D simula
tions, show the possibility of the synthesis of custom fil
ters. Many of the techniques used in the microwave 
domain could be scaled down to the T H z domain. 5 Pos
sibilities include using the reflected low frequency com
ponent of the pulse or designing tapered filters (where 
the cut-off frequency varies with position inside the 
waveguide), arrays of slit filters, and 3-D apertures. 
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Infrared Streak Camera 

L.D. Noordam and M. Drabbels, FOM Institute for Atomic and 
Molecular Physics, Amsterdam, The Netherlands. 

S treak cameras are being used in many fields of sci
ence because of their excellent time resolution and 

high sensitivity. The spectral range at which convention
al streak camera systems operate is limited by the spec
tral response of their particular photocathode. For most 
photocathode materials, sensitivity is limited to wave
lengths shorter than 1.5 μm. Beyond this, the quantum 
efficiency of the photocathode becomes negligible. 
Therefore, the temporal profile of mid- and far-infrared 
light pulses, e.g., from IR laser systems, cannot be mea
sured directly using a conventional streak camera. 

48 Optics & Photonics News/December 1997 



Optics in 1997 
Ultrafast Technology 

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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