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process is repeated up to five tines to correct
from the slightly nonlivear response of the
M. Once the right correction is applied one
can turn ofl the closed Joop or lel it run to
correct for stow drift of the system,

The remaining uncorrected spectral phase
is duc to the actuator sive on the mirror, it is
periodical and cleatly visible on the corrected
measurement shown on Fig, 2.

With more actuators on the mirror one can
perform pulse shaping in a CPA laser system,
like sharp cdge pulses useful for high ficld sci-
ence experiments.
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Frequency doubling and compression of
chirped femtosecond pulses using
aperiodically poled lithium niobate
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The technique of periodic poling has made
possible the design of noulinear crystals with
novel phase-matching characteristics bascd on
quasi-phasc-matching (QFPM). This technigue
has permitted frequency doubling of a wide
range of wavelengths at high conversion effi-
ciencies within the picosccond and femtosec-
ond regimes. When chirped pump pulses are
used it is possible to reduce the pulse duration
of the second-harmonic pulses using discrele
compression schemes such as those based on
prisms-pairs or diffractive elements, Sell-
compression of the sccond-harmonic pulses is
made possible by designing crystals with grat-
{ngs, which are not periodic along e propa-
ration divection. In pacticular, by fabricating
frequency-doubling crystals with a Tinearly
varyiug geating periad one can define the po-
sition in the crystal at which any given [re-
quency is converted (o its second harmonic.!
When a broad-handwidth clivped pulse s
used as the input to such a crystal, the variation
ol its frequency with Lime can be arranged so
that the converled (requency components all

leave the crystal simultancously, in the form of
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a transform-limited pulse. This technique was
first demonstrated in aperiodically poled
lithium niobate (AP~ LN) to recotnpress artifi-
cially siretchied pulses from an erbinm-doped
fiber laser, and a theoretical study of the con-
pression process lor quadratic phase chirped
pulses has been proposed.? More recently
chirped femtosceond pulses from a synchro-
nously pumped optical parametric oscillator
(OPQ), were frequency doubled and com-
pressed usitg a aperiadically poled coystal of
KTIOPO,; (AP-KTP) and nearly-transfrom-
limited pualses were obtained.? In this work we
present the eesults ol frequency doubling and
compressing pulses divectly ablained (vom an
OPO using crystal of AP-1N with eight differ-
cut linearly chirped grating periods, lu each
chirped grating, the initial {or inpul) peried
{A;) and final (or onlput) period (A ) ace dil-
fevent while the average (or ceutval) grating
period [A,,, = (A; - AP/2] is left constant, To
cllectively compress the chirped putses deliv-
ered by the PPEN-based OPO, the erystal was
oriented for positive crystal chirp A, > A,
(longest period faciug the inpul pulses). Figure
1 shows the effect of the crystal grating chirp
{Ag) on the pulse duration of the [requency
doubled pulses.

For iuput pulses of constant positive chirp
(AvAtr = 1.95) with durations of 250 fs
{(I'WHM) and centered ata wavelength of 1.24
p, we determined that a erystal with a chirp
of Ag = 0,066 provided oplimum compression
of the frequency doubled pulses. "The shortest
frequency doubled pulses were nearly-
transform-limited with durations of 80 {5 and
duration bandwidth products of AvAt = 0.43.
ligure 2 shows the interlerometric autocorre-
lations of the frequency doubled pulses for
different cuperimental vatues of Ag.

With the crystal ovieated with shorler peri-
ods at the input face, compression ol the (un-
damental pulses did not ocenr and the inter-
feromelric autocorrelations showed more
phase structure as Ag increascd, We have com-
pared our experimental results with the pre-
dictions ol'a complete numerical model, which
uses the amplitude and phase profile of the
nput pulses derermined by frequency resolved
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Interferometric autocorrelalions obtained for difterent positive crystal chirps.

optical gating. Results of the model will be
presented, which show close agreement with
the experimental data. The widespread and
availability ol PPLN combined with its large
nonlincarity allows the extension of this tech-
nique to other picosccond and femtosccond of
laser sources for practical generatrion of chirp-
free visible pulses using extracavity or intra-
cavity conliguration,
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Frequency resolved optical gating (FROG)!
and spectral phase interferometry for direct
clectric-field reeonstruction (SPIDER)? are
nowadays leading techniques that provide ac-
cess to phase-anmiplitude pulse retrieval. Each
of these technigues s a number of outstand-



ing features that establish the method applica-
bility under certain experimental conditions.
Yot instance, FROG is perfectly suited for pulse
characterization precisely at the position of the
sample in most spectroscopic applications be-
cause it utilizes similar excite-probe geometry,
On the other hand, SPIDER has the advantage
of real-time pulse measuremient al high repeti-
tion rates. While in an ideal case both methods
allow the precise amplitude-phase reconstruc-
tion of an uitrashort pulse, in praclice specific
experimental conditions such as phase-
matching, detector noise ete. affect the recon-
struction quality. for instance, experimental
comparison of the (cchniques in the case char-
acterization of a single pulsc has shown some
discrepancies in the retrieved parameters.?

In this contribution we present a comparative
study of SPIDER and second-harmonic geneta-
tion (SHIG) FROG techniques. Two main
sourees of ervors are analyzed: the Hnited phase-
malching bandwid(h of the nonlinear medium
and the detector noise. We show that under simi-
lar experimental conditions SPIDER pecforms
somewhat better than SLTG FROG.

For the assesstent of the phase-amplitude
reconstruction quality we usc a recently intro-
duced Wigner trace error?

[ N N
Iy .
o= \’;Z TW L, o)) = W, (1 m,)]-/
iy

i N

R
\}>=, W2,z o)1’ (1)
i

that is based on the comparison of Wigner rep-
resentations of ideal and reconstracted pulses

w' 123
W(tw) = | 1*]| w + N Ele -
Xexp(—iw Dda'. (2)

As the test case, we used a pulse with a Causs-
fan spectrum ceniered around 800 nm and
cotresponding to a 10-fs spectral lintited pulse,
and with the third-order spectrat phase that
leagthens the pulse 1o ~20 [,

The influence of the crystal thickness on the
pulse reconstruction quality is illustrated in
lig. 1. I'he finite crystal thickuess leads to the
cffect of spectral filtration due to limited
phase-matching bandwidth, Based on the ob-
tained results we conclude that ST1G FROG
and SPIDER have a similar sensitivity (o the
thickness of the crystal. The pulse reconstruc-
tion qualily can be subslantially improved il
the spectrai correction” is applied to the ex-
perimental data (open symbols in Fig. 1). Note
that such a correetion is more clficient for
SPIDLR because in this technique the pulse
spectrum is measurced independently and
therefore is not affected by nonlincar conver-
sion.

The impact of the delector noise to the
phase-amplitude reconstruction quality is il-
lustrated in Fig. 2. We have considered two
different regimes of measurements: single-
shot and multishot. In the single-shot mode we
introduce the equal amplitudes of the additive
noise in both SHG FROG trace and SPIDER
interferogram. lor low noise levels, both
methods were found to have quite similar sen-
sitivily to the noise (solid symbols), but for
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constraction quality of SPIDHR (circles) and
FROG (squares) on the fraction of the additive
neise. ‘The results ebtained for the siugle-shoi
regime are depicted by solid symbols. Open sym-
bols correspond to the multishot regime. Dashed
line depicts the level of acceptable crrors.

higher levels of the noise FROG technique
yields worse results, which is caased by the
features of the inversion algorithin, (n the mul-
Lishot regime we have taken into account the
fact that during the measurement ol a single
1 X n FROG trace one can collect # SPIDVER
interferograms obtaining in this tnanuer lower
by a factor of Vi noise fevel, Under these
condilions, SPIDER obviously has an advan-
tage and shows much better results than FROG
(Vig. 2, open civcles),
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Optoclectronically generated freely propagat-
ing teraherty (UUE) impulse ranging cxperi-
ments have been demonstrated. ¥ The sub-
picosccond resofution permits temporal
isolation of scattering mechauisms.®

Limitations ol previously demonstrated
systems are the [ixed bistatic angle between the
transmitler and receiver and wide aperture as-
sociated with the colfection optics of the re-
ceiver redacing resotution. The conliguration
eeported here overcomes these limitations by
introducing a freely positionable receiver al-
lowing a wide range of detection angles (21 to
180°) and by using a small aperture veceiver
allowing the use of plane wave approxima-
tions. Both capabilities are important for in-
vestigating complex near-resonant argels.

Yhis impulse ranging system, shown sclie-
matically in Fig, 1, isa modification ol the 171z
beam systein used foc Tz time-domain spec-
trascopy.t The angle () between the ransnuit-
ter andd the receiver can be coalinuously ad-
justed.

Previous measurenients seputated out scat-
fering mechanisms of which one is the surface
or creeping wave. Lor near grazing incidence
sote of the incident radiation appears to
couple lo the sarface and travel around the
oulsicle of the targer (sce fnsct of Fig, 1) For
small O, the observed surface wave can lake a
path through the diclectric ar the eritical angle

Transmitter

Receiver Speently

. Ketlettion
e -

CThM40  Tig. L. Conceplual layoul of vari-
able angle 1Tz impulse ranging conliguration, O
is continyously variable from 21° to 180°% The
inset shows specular reflection and surface wave.
AQ is the change in angle which corresponds to
the change in path along the surface of the cylin-
der, AQr,



