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New phase and amplitude high resolution pulse shaper

Antoine Monmayrant and Béatrice Chatel
Laboratoire Collisions, Agrégats et Réactivité (CNRS UMR 5589), IRSAMC Université Paul Sabatier, 31062
Toulouse, France

(Received 1 December 2003; accepted 13 April 2004; published 3 Augus} 2004

We present the first realization of a femtosecond pulse shaper in phase and amplitude using two
liquid crystal devices with 640 pixels, leading to a wide temporal window around 25 ps at 800 nm.
Several examples illustrate the high resolution of such device. The use of a folded zero dispersion
line is also successfully demonstrated.2@04 American Institute of Physics.
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I. INTRODUCTION being the propagation axis. The LC molecules are aligned
The generation of arbitrarily shaped optical waveformsalong the axis at-45 and -45 degrees in the-y plane. The

is of great interest in a number of fields including coherent® polarized contribution td; of the outcoming field can be

control™ compression of optical pulsésand optical ‘WNtten as
communications.Most of these works were spurred by tech- E(X) = E4(X)
nological breakthroughs. These pulse shaping techniques 27~ 1

have been recently reviewed in detdil®ue to their ul- < ox p(i¢1(x) + ¢2(x)>co s( bi(X) = qbz(x))
trashort duration femtosecond pulses are not easily shaped in 2 2 ’
the time domain. Thanks to the Fourier transformation, the (1)
common way to synthesize them is in the spectral domain.

The most usual device for both high fidelity and wide flex-\\here, and ¢, are the voltage dependent birefringences of
ibility of shapes involves a pair of d';f,ra,Ct'on gratings and e first and the second LC-SLM array, respectively. So by
lenses arranged in a zero-dispersion linéth a pulse shap- sing an output polarizer along theaxis, the output phase
ing mask at the Fourier plane. This mask WQ'Ch can be anq amplitude can be set independently by controlling the
liquid crystal spatial light modu_lato((l)_C-SLM), acousto-  sym and the difference of both LC-SLM birefringences, re-
optic modulatot or deformable mqui‘, modulates the spec-  gpactively. Moreover, the use of orthogonal polarizations on
tral phase and/or amplitude. Shaping without Fourier transgach LC-SLM limits multiple diffractiot? The LC-SLM
form optics is also possible by using an actively controlled(SLM_S 640/12 produced by Jenoptik company, possesses
acousto-optic programmable filter.Let us focus on the g40 pixels and has been described in Ref. (48ipes of
mask using LC—SLMS. Phasg—only LC-SLM with 128 to 640 974mx 10 mm separated by gaps ofzn). The birefrin-
pixels are commercially available. To our knowledge, phas%:nce of each pixel is controlled by a voltage with a dynamic
and amplitude modulation has only been demonstrated witl nge of 12 bits. The nonlinear relation between voltage,
128 pixels or less, using in most cases dual-LC-SLM deviC§qcigent wavelength, and birefringence is carefully
from CRI (Cambridge Research & Instrumentaiotom-  cajinrated To avoid any Fabry-Perot effects as well as to
pany. In this article, we combine two 640-LC-SLMs from (¢ |osses, the two outer surfaces of each LC-SLM have
Jenoptik company with a highly dispersive zero-dispersion, angireflection coating on a broad spectral range. The two
line to build a phase and amplitude pulse shafEr2 | c_g| Ms are mechanically independent and the two mount-
X 640 parametejs The main characteristic of this pulse ings provided by Jenoptik company have been adapted to
shaper is a high spectral resolution in phase and amplitudg;ide a distance of less than 1 mm between both LC-SLM.
corresponding to a wide temporal range. In the following, WeTpis distance is much smaller than the Rayleigh length
first describe the experimental setup and the alignment proghich is equal to ca. 2 cm. This setup requires a micrometric
cedure of the two LC-SLMs, then we present a few exampleg ol of 5 degrees of freedom for each LC-Sl(Mtations
illustrating the capacity of such a pulse shaper. We als%roundx, y, andz axis and translations along theand z
present an alternative scheme consisting on folding the 4faxis). Both LC-SLMs are prealigned on a common base plate
line. using the following procedure.

Afirst LC-SLM is placed on the common base plate and
illuminated by a He—Ne laser. The rotation angles around the
x axis (horizontal transvergeand they axis (vertical) are set

Before describing the experimental setup, let us recalby autocollimation of the reflected part of the He—Ne beam
some basics concerning phase and amplitude modulation. Aaccuracy 6 mrad The rotation around the axis (propaga-
previously showrt? two LC-SLMs are needed. Let us con- tion axis is set by looking at the diffraction pattern of the
sider the incoming fieldE; to be polarized along theaxis,z  transmitted beam. This pattern should be horizontal for ver-

Il. EXPERIMENTAL SETUP
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FIG. 1. () Usual setup, Al is an alignment aperture for both input andshaper introduces temporal replica. In our case, these replica

output, FM1 and FM2 are plane folding mirrors and CM1 and CM2 are the ;
are separated by 35 ps and are especially broad and weak
cylindrical mirrors. Both LC-SLM are at the Fourier plang) Half-line P y P P y

setup, an end mirror EM is placed just after the LC-SLM and the beam goe$S€€ Fig. X_Thi_s broadening of repA!ica is due to the nonlin-
twice through the first half of the line. ear dispersion in the masking pla]ne.

Therefore a particular procedure is used to calibrate this
nonlinear dispersion. This time window of 35 ps is restricted
tical stripes. Then, the second LC-SLM is placed on the basgown to 28 ps by the effect of the Gaussian envel@pe to
plate, between the first LC-SLM and the laser. We applythe spatial beam profile in the masking pl&n@y applying
exactly the same procedure to set all the rotational anglesuccessively several linear phases regularly spaced in time,
The superposition of both diffraction patterns gives a matchthe maxima clearly reproduce this Gaussian envel®jg.
ing of thez angles with an accuracy better than 2 mrad. For3). This FWHM in intensity of 28 ps corresponds to an input
the translation along theaxis the He—Ne beam is expanded diameter beam of 2.3 mm. The Gaussian time window func-
to cover all the LC-SLM and twa polarizers are inserted: tion significantly reduces the replica pulses.
one before the first LC-SLM, the other after the second LC-  The spatial-time coupling parameters in our pulse shaper
SLM. Therefore, the transmitted beam is given by @g. In  is around 83um/ps which is quite small as compared to
the first LC-SLM we program a phase afon the first 320 common devicegfor example, 145um/ps as described in
pixels and 0 on the others. In the second LC-SLM an in-Ref. 15. To limit space-time coupling an aperture is placed
verted pattern is set: 0 on the first 320 pixels andn the  on the output beam. For the examples given in the following,
others. Thus, according to E(), the transmitted intensity the output diameter is ca. 1 mm. Although the efficiencies of
|E(¥)|? is null if the lateral displacement between the twothe gratings mainly limit the total energy throughput of the
LC-SLM is null. If not, a bright stripe with a width equal to Pulse shaper, the overall transmission in intensity of all the
the displacement appears in the transmitted beam. The sef@ievice is currently of 60% and the on—off ratidegree of
sitivity of this alignement is of the order of the gap size. extinction of 20 dB. The main limitation to this ratio is the
Once this prealignment is done, the base plate is inserted &ps effect and by an appropriate compensatio reach a
a dual-LC-SLM in the zero-dispersion line without misalign- ratio of nearly 30 dB.
ment. Spectral patteras pulse sequences, amplitude hole  In the following, a Kerr—Lens—Mode-locking Ti:sapphire
are also used to refine the alignment inside the zero dispegscillator which supplies 400 mW with a repetition rate of
sion line. 80 MHz is used as the laser source. The central wavelength
To avoid chromatic as well as off-axis aberrations, theiS 795 nm. The spectral FWHM is 10 nm and the temporal
setup reported in Fig.(&) is chosen. For sake of simplicity, FWHM is 100 fs(assuming a Gaussian intensity profil&
the input and output polarizers and apertures are not repre-

sented. The alignment aperture A1 guarantees the symmetry 5- -

of the line. A special care is taken to cancel the spatial chirp 4_' :

of the output beam. The two cylindrical mirrors have a focal ERE

length of 600 mm, the gold-coated gratings have 1‘; 34 ‘ \

2000 lines/mm and the LC-SLM width in the Fourier plane @ 2] i I k

is 64 mm. The central wavelength is set to 795 nm. These 2 1] I I:
characteristics provide an average resolution of - .l-

0.06 nm/pixel corresponding to a spectral width of 38 nm. — ,
This spectral width is large enough to transmit the spectral 300 20 10 0 10 20 30
pedestal width of our laser sour¢rill width at half maxi- Time (ps)

mum (FWHM) of 10 nmi. The sagital beam FWHM in the
FIG. 3. Several experiments without compensation for different linear

Fourier plane(57 pm, correspondlng to an input beam diam- phases inducing a temporal shift and a constant amplitoldek dot3. The

eter of 2.3 mmis rOUg_hW_Set t(_) the width of a pixel. _ desired shape is multiplied by a Gaussian envelagpay line) because of
As any shaper pixelized in the spectral domain, ourthe spatial profile in the masking plane.
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(black): (a) two pulses delayed by 1 pgh) spectral hole of 20 pixels ca.
FIG. 4. Calculatedgray line) and experimentablack dot$ wave forms(a) 1.2 nm centered in 794.3 nm.
Three pulses pairs with relative intensity 8£3:1, (b) square pulse of
700 fs, and(c) three pulses with cubic phagéx 107 fs®), no phase and

quadratic phass x 10" fs?), respectively. tral narrowing. A phase varying as a function ofAlN has

also been successfully synthesized to compensate propaga-

. . 7
fraction of the energy passes through the pulse shaper whéie" effects in a dense vaptf. _ o
the other part of the pulse is used as reference for the 10 complete this study, a half-zero-dispersion line has

cross-correlation intensity measurement. Other nicd€€N implemented by simply placing a mirror just after the
resultd617 using a conventional kHz system delivering dual LC-SLM[see Fig. tb)]. In this design, only half of the
800 1.J—130 fs—1 kHz—795 nm pulses have been obtaineBptical elements are used and the beam passes twice in the

thanks to the high damage threshold of 300 GW4.cm dual LC-SLM. This reduces the dynamic range of the voltage
from 12 to 11 bits. However this reduces also the size of the

device and its cost without reducing the resolution in the
spectral domain. Moreover, by construction this setup pro-

lll. RESULTS AND DISCUSSION vides a perfect symmetry of the zero-dispersion line which

To illustrate the fine control on a wide time window Simplifies greatly the alignment procedure. The only precau-
allowed by our device, we choose some masking operationdon is to place the mirror in the Fourier plane and very close
using amplitude and phase modulation. tq 'the.dual .LC—SLM to limit mlsallgnment_ effect. This con-

Three examples are presented in Fig(a:three equal- dition is fulfilled thanks to the !arge Raylelgh Ienth. In Fig.
amplitude pulses pairs with relative intensity 2:3(b) a > tWo spectral features obtained with the half-liack
square pulse of 700 fs, ard) three pulses with quadratic, !in® and the full-line(gray line) are compared. Figure(8§
no phase, and cubic phase. For each example, black dgt@responds to two pulses delayed by 1 ps while Fig) &
correspond to the experimental result whereas the solid gr§y SPectral hole of 20 pixeldca. 1.2 nm centered on
line is the analytical desired wave form. In all three cases/94-3 nm. The agreement is very good in both cases. Some
the agreement is excellent in both phase and amplitude ovémall differences remain probably due to the change of the
a large temporal window, whereas the analytical wave fornflignment in the spectrometer.
does not take into account any limitations inherent in the
LC-SLM. The effect of the gapsreplica att=0) and the
spatial prqflle(Gauss[an temporal gnvel@p&hould be COM- |\ DISCUSSION
pensated in the applied mask. This can be done by an itera-
tive proceduré‘.2 For the square pulsgrig. 4(b)], the main We have presented the successful implementation of a
defect is some ripples that are perfectly explained by thehase and amplitude pulse shaper using a two 640 pixels
truncation of the spectrum. In these three examples, the gajp<C-SLM. With the increased number of pixels and the high
contribution att=0 is not perfectly compensated. A better resolution zero-dispersion line, the manifold of accessible
knowledge of the gaps behavior would allow an improve-pulse modulations exceeds that of previous phase and ampli-
ment of this compensation. Other examples using the santede devices. The device provides a wide window which can
setup but with phase-only mask have been obtained. Highe very useful in many coherent control experimefts.
quadratic phase, or pi-step have been successfully impléFhe high threshold damage makes it suitable for high inten-
mented in an atomic physics experimé%According to the sity applications. We have also shown that it is possible to
Nyquist's criteria, quadratic phase up t<@0° fs? is easily  considerably simplify the setup by folding the zero-
synthesized without any temporal distorsion. Higher qua-dispersion line without reducing the spectral resolution. Fi-
dratic phase in the spectral domain are feasible 10° fs>  nally the broad spectral range of LC-SLM working provides
has been demonstrated in Ref.) 1t the duration of the an excellent tool to extend high resolution phase and ampli-
pulse increases more slowly than it should because of spetdade pulse shaping in the UV domdih.
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