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Measuring ultrashort optical pulses using
multi-shot second harmonic generation
frequency resolved optical gating

Enwen Dai (#/2X) and Changhe Zhou (B %)

Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800

Frequency resolved optical gating (FROG), is an effective technique for characterizing the ultrafast laser
pulses. The multi-shot second harmonic generation (SHG) FROG is the most sensitive one in different
FROGs. In this paper we use this technique to measure the femtosecond optical pulses generated by a

conventional Ti:sapphire oscillator.
OCIS codes: 320.7100, 320.7080.

The frequency-resolved optical gating (FROG)
techniquel’ %! has become one of the most effective tech-
niques for characterizing the amplitude and phase of the
ultrashort optical pulse at present. Unlike other methods
of measuring ultrashort laser pulses, such as autocorrela-
tion techniques, FROG may completely characterize the
optical pulse. The multi-shot second harmonic genera-
tion (SHG) FROG is the most sensitive one in different
FROGs. Figure 1 is a conventional SHG FROG.

The principle of multi-shot SHG FROG is: an ul-
trashort laser beam is split into two beams by a beam
splitter; one beam is directed to illuminate a moving
mirror that is controlled by a micro-motor. The distance
that the pulse travels can be changed by moving the mir-
ror closer or farther from the beam splitter. This beam is
often called the gating pulse because it is used as a time
gate that allows a slice of the reference pulse to pass. The
other beam is used as a reference light that is reflected
from a stable mirror. Then the two beams are aligned
and focused into a nonlinear crystal that produces the
signal light, which is scanned by a spectrometry that
generates the output intensity (Isignal) versus. frequency
(w) and time delay (7) of the two pulses, given by
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Ifhge (w,T) = / AtE(t)E(t — 1) exp(—iwt)| .
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This two-dimensional (2D) image is the so called FROG
traces. The trace, containing both phase and intensity
information, is then processed in a pulse retrieval pro-
gram to retrieve the ultrashort laser pulse.

In experiments, we setup a multi-shot SHG FROG.
The input pulses come from a Ti:sapphire oscillator
(Mira-Seed pumped by Verdi6, Coherent) operated at 76
MHz and a center wavelength of 819 nm and bandwidth
about 20 nm. The femtosecond optical pulse is split
into two pulses by a 700-pm-thick 50/50 beam splitter.
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Fig. 1. Setup of the SHG FROG. BS: beam splitter.
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The two pulses then go through different arms. A mo-
torized linear stage (Folded MicroMiniT™Stage, NAI)
controlled by a computer with the resolution of 31
nm/count provides the time delay of two pulses. Then
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Fig. 2. (a) and (b) are the measured and retrieved FROG
traces of chirped pulses, respectively. (c) and (d) are the re-
trieved intensities (solid curves) and phases (dashed curves)
for the time and frequency domains, respectively.
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Fig. 3. (a) and (b) are the measured and retrieved FROG
traces of double-chirped pulse separated by about three pulse
widths, respectively. (c) and (d) are the retrieved intensities
(solid curves) and phases (dashed curves) for the time and
frequency domains, respectively.
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the two beams are focused at an angle of 5° in a 100-
pm-thick BBO crystal by a 25-cm focusing lens. The
spectrum of the summation frequency light is acquired
by a 16-bit spectrometer (InSpectrum, Acton). We mea-
sured two types of pulses, one is the single-chirped optical
pulses and the other is the double-chirped optical pulses.
Figures 2(a) and (b) are the measured and retrieved
FROG traces of single-chirped pulses, respectively; (c)
and (d) are the retrieved intensities (solid curves) and
phases (dashed curves) for the time and frequency do-
mains, respectively. The FROG error for this retrieved
pulse was G=9x10"%. The double-chirped optical pulses
are generated by a Michelson’s interferometer. The width
between the two pulses can be changed by adjusting the
path of the pulses travel. Figures 3(a) and (b) are the
measured and retrieved FROG traces of double-chirped
pulse separated by about three pulse widths, respectively;
(c) and (d) are the retrieved intensities (solid curves) and
phases (dashed curves) for the time and frequency do-
mains, respectively. The FROG error for this retrieved
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pulse was G=6x10"3.

In conclusion, we reported the measurement of the ul-
trashort optical pusles by using the SHG FROG tech-
nique. Two types of the optical pulses are measured and
retrieved with small FROG error.

E. Dai’s e-mail address is enwendai@263.net.

References

1. R. Trebino, Frequency-Resolved Optical Gating: the Mea-
surement of Ultrashort Laser Pulses (Kluwer Academic
Publishers, Boston, 2000).

2. D. O’Shea, M. Kimmel, P. O’Shea, and R. Trebino, Opt.

Lett. 26, 1442 (2001).
. G. Steinmeyer, J. Opt. A: Pure Appl. Opt. 5, R1 (2003).
. J. Zhang, A. P. Shreenath, M. Kimmel, E. Zeek, R. Tre-
bino, and S. Link, Opt. Express 11, 601 (2003).

5. S. Akturk, M. Kimmel, P. O’Shea, and R. Trebino, Opt.

Lett. 29, 1025 (2004).

= W



