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Use of Femtosecond Square Pulses to Avoid Pulse
Breakup in All-Optical Switching

' ANDREW M. WEINER, MEMBER,

A_bilma—We report measurements of ultrafast all-optical switching
in dual-core fiber nonlinear couplers. By performing our measure-
ments with square optical pulses, we minimize the pulse%reakup which
occurs in experiments performed by using conventional bell-shaped
pulses. In this way we obtain enhanced power transfer and a sharper
switching transition.

I. INTRODUCTION

LL-OPTICAL switching devices, which potentially

can operate at speeds much higher than those obtain-

able with electronic or optoelectronic devices, may play
.an important role in future high-speed communications
systems. In the past few years, glass optical fibers have
emerged as an important medium for nonlinear optical

. switching. Fibers have the advantage of high transpar-
¢ ency..a guided-wave structure for long interaction lengths,
.and a well-developed materials technology. A number of
all-optical switching devices have been demonstrated
using glass optical fibers, including the birefringent fiber
polarization switch | 1], the optical fiber Kerr gate [2]-]4],

the dual-core fiber nonlinear directional coupler [5]-{7].

the modulational-instability fiber interferometer switch
[8]. the two-mode fiber Kerr switch-[9], the birefringent
fiber rocking filter Switch [10], and the nonlinear fiber loop
mirror [11], [12]. Recently we reported switching of 100
fs optical pulses in a glass fiber nonlinear coupler [7]; this
was the fastest switching time ever measured in a guided-
wave all-optical device.

One rather universal problem arises with nearly all of
these all-optical switching devices. Because the switching
is -controlled by the instantaneous optical intensity,
- switchingcan. occur within a pulse, so that low and high
intensity portions of the same pulse are directed to differ-
ent_output ports [13], [14]. Such pulse breakup is ex-
pected to degrade the switching performance in a variety
of all-optical switching geometries and on a variety of time
- scales. Proposals have becn made to solve the pulse
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breakup problem by using solitons [15]. [16] and re-
cently, soliton switching was achieved with a nonlinear
fiber loop mirror device [11], [12]. A more general solu-
tion, which is applicable to a broad class of all-optical
switching devices. is to use square optical pulses, in which
the intensity across the pulse is approximately ‘constant.
In this paper we report the first application of square pulses
[17] to avoid pulse breakup in all-optical switching [18].
Measurements of switching with a dual-core fiber nonlin-
ear coupler performed by using femtosecond square pulses
demonstrate a reduced switching power, a sharper switch-
ing transition, and an improved on-off ratio compared to
measurements performed by using cenventional bell-
shaped pulses. )

This paper is structured as follows. Section 1l provides
some theoretical background on nonlinear couplers and.on
the pulse breakup problem. Section Il describes the dual-
core fiber which we use as our nonlinear coupler, and Sec-
tion IV discusses the experimental apparatus used for the
switching measurements. Switching data for one-cou-
pling-length devices, which demonstrate the improved
switching performance obtained by using’ femtosecond
square pulses, is presented in Section V. In Section VI we
discuss switching data for longer (two-coupling-length)
devices, in which group velocity dispersion and spectral
variation -of the coupling length now-play an important
role. In Section VII we summarize.

II. THEORETICAL BACKGROUND

The all-optical switch investigated in our experiments
1s a nonlinear coupler [19], pictured schematically in Fig.
1. The device consists of two closely-spaced, parallel and
identical, single-mode waveguides in a material with an
intensity- dcpendcnt index of refraction. Due to evanes-
cent field coupling, low intensity light input into core 1
transfers gradually into core 2. Complete transfer occurs
at the coupling length L., and for longer coupler lengths
power transfers periodically between the two guides.
When the input power is increased above a critical powep
P, however, coupling is inhibited due to intensity depen-
dent refractive index changes, and essentially all the light
remains in the input core. The critical power is given by

P, = AN/mL, )
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Fig. 1. Schemati< of a nonlinear directional coupler.
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Fig. 2. Calculated fractional output power from guides 1 and 2 as a func-
tion of peak input power. for a coupler of length L,. The input power is

" normalized to P, and the input light is focused into guide 1 only. Solid
curves: constant intensity input signal. Dashed curves: coupler response
integrated over a sech’(1) pulse intensity protfile.

where A is thé effective area of a single core, N is the
vacuum wavelength, and n, is the nonlinear index [19].
A coupler of length L. exhibits particularly attractive
switching characteristics. The calculated switching re-
-sponse of: a length L. nonlinear coupler is shown as the
solid lines in Fig. 2, in ‘which the fraction of the output

power emerging from cach of the two guides is plotted as _*

a function of input power, for a CW or ideal square pulse
input. For low input power all of the light emerges from
core 2; for powers above P, essentially all of the light
remains in the input guide (core 1). Thus the nonlinear
coupler is a routing device which routes pulses to either
of two output ports according to their intensity.

When the input signal is a pulse (with a pulse duration
much longer than the response time of the nonlinearity),
" the pulse breaks up according to its instantaneous inten-
sity. Fig. 3 shows the calculated temporal profiles of the
output pulses for sech®(r) input pulses with peak power
2P... Group velocity dispersion is not included in this cal-
_ culation, and the coupling length is assumed to be inde-
. pendent of wavelength. The l‘ow/mtensity portions of the

input pulse emerge from .core 2, whereas the intense cen-
tral portion of the pulse remains in guide 1. Such pulse
breakup has been observed experimentally both in fem-
tosecond [7} and picosecond [20] operation of a nonlinear
coupler switch as well as in picosecond operation of bi-
refringent-figer rocking filter switch [10].

In most 7switching experiments one measures the aver-

age power emerging from cach output port, and therefore -

the measured switching curves are the CW curves aver-
aged over the pulse intensity profile. The dashed curves
in Fig. 2 show the result for sech®(r) input pulses. As a
result of pulse breakup, the response exhibits decreased
power transfer, softening of the switching transition, and
an increased switching power. Although the precise shape
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Fig. 3. Temporal protile &f the output pulses from guides | and 2, com-
puted for sech’(1) input pulses with peak power 2P,.

of the measufed switching curves will depend on the ac-
tual pulse shape, similar degradation of the switching re-
sponse is expected fur any nonsquare input pulse.

[1I. THE DuaL-Core FiBeR

In our experiments the nonlinear coupler consists of a

‘suitable length of dual-core optical fiber. Two types of

dual-core fiber, one with Ge-doped cores and pure silica
cladding and the_other with pure silica cores and a de-
pressed 'index cladding, were tested. Both fibers yielded
coupling lengths on the order of $ mm, and both exhibited
a similar switching response. We note that the coupling
length was selected to minimize the effect of group veloc-
ity dispersion in our measurements performed with 100
fs, 620 nm laser pulses [21}. Furthermore, we note that
the nonlinearity in glass optical fibers has a response time
of only a few femtoseconds {22}. Thus, even with 100 fs
input pulses, the pulse duration is much longer than he
characteristic response time. of the nonlinearity.

The Ge-doped fiber was also used for our prior femto-
second switching experiments [7). Briefly, this fiber con-
tains two 2.8 um diameter, Ge-doped cores with 8.4 um
between core centers and with a core-cladding index dif-
ference of 0.003. The coupling length was 4.5 mm. As
we reported previously, nonlinear couplers fabricated
from Ge-doped fiber experience gradual degradation due
to persistent, photoinduced index changes (7], [23]. Thus,
in performing switching measurements with the Ge-doped
fiber. we were careful to avoid excessive egposure to high
intensity light during the experiments. -

In order to avoid persistent photosensitivity effects, for
our current experiments we fabricated the dual-core fiber
with pure silica cores [24]. A photograph of the fiber end
face is shown in Fig. 4. The fiber contains two adjacent,
pure silica cores, cach about 4.6 um diameter and with a
center-to-center separation.of 7.7 um. The cores are sur-

_rounded by a depressed index, fluorosilicate cladding,

with a core-cladding index difference of 0.0033, and the -
fluorosilicate cladding is itself embedded in a silica outer

" jacket. Each fiber core is single mode for wavelengths

longer than = S65 nm. At 620 nm the V numberis =2 .28;
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. characterization procedures. The dual-core hbcr{wua

_Fig.'ﬂt Photograph of the dual-core fiber nonlinear coupler.

and the coupling. length is =5.05 mm. The fractional
throughput of the device is determined by the coupling
-efficiency into the input guide. typically 40-50 percent.
With this new fiber no photosensitivity or long term deg-
radation were observed. /

In the following we describe our fiber fdbrl(.dll()n and

drawn from a composite preform made by a modifidd rod-
in-tube method. First a preform with fluorosilicats core
and silica cladding was fabricated by the modified chem-
ical vapor deposition (MCVD) process. The preform was
then cut along'its axis and polished. The polished surtaces
were grooved and ground to accept two pure-silica rods
with an appropriate spacing. The two polished half-pre-
forms were mated and jacketed with a silica tube and then
collapsed to draw the dual-core fiber.

We characterized the fiber coupler by measuring its’
" spectral properties. Incoherent light from a tungsten-hal-

ogen source was spectrally filtered by a monochromator
and focused into one core of a section of fiber§ while the
other core was carefully blocked by a razor blade. The
output of each of the two cores was measured as a func-
tion of wavelength for the range 575-775 nm. One such
measurement for a pure-silica-core fiber section 15 mm
long is shown in Fig. 5. The variation in coupling is pre-
dominantly caused by the dependence of the mode size on
wavelength. By fitting the measured traces to a theoretical
formula for circular core fiber couplers [25], we could
-determine precise values for core size and separation and
_thus estimaté the coupling length at the wavelength of in-
terest. The fiber was then cleaved into pieces of approx-
imately one coupling length, and the output of each of the
two cores was measured with a low intensity laser input.

. Typically a power transfer in the range of 80-95 pcy

was achicved.
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Fig. 5. Spectral response of a 1S mm dual-core fiber coupler. Input light
is focused into core 1. Dashed-dotted curve: output power from core 1.
Solid curve: output power from core 2.

IV. EXPERIMENTAL SETUP

Our ‘experimental setup is shown schematically in Fig.
6. Except for the addition of the pulse shaping apparatus,
the setup is similar to that uséd for previous investigations

of femtosecond all-optical switcing in dual-core optical.

fibers [7]. The switching experiments were performed by
using pulses from a colliding-pulse-mode-locked (CPM)

ring dye laser and a copper vapor laser-pumped dye am-

3

plifier system [26]. The laser produced 90 fs pulses at a

wavelength of 620 nm, which were amplified-at an 8.6
kHz repetition rate to an energy of =5 uJ. The pulse
shaper could be adjusted either to reshape the amplified
pulses into square pulses or to pass the amplified pulses
unchanged. Amplified (and shaped) pulses were focused
by a 10 x microscope objective into one fiber core, which
we denote core 1: the other input core was carefully
blocked by the cdg,e of a razor blade. A stepper motor:
driven attenuator wheel was used to ¢ontrol the input in-

tensity to the fiber, and a’ pmr of SF-2 glass prisms (not"

shown in figure) were used in a double pass geometry to
compensate for group velocity dispersion in the attenuator
wheel and the input microscope objective. The output
from each fiber core was focused by a 40X microscope
objective onto a separate power meter. For purposes of
data acquisition, the input laser béam was chopped, and
the outputs of the power meters ;were connected 1o two
separate lock-in amplifiers. Swi‘{chmg curves were re-
corded by using a laboratory computer to increment the
stepper motor driven attenuator wheel and to digitize and

" store the lock-in amplifier outputs for each position of the
_attenuator wheel. Typically. a complete scan correspond-
ing to an 80 x variation in the intensity of the beam trans-

mitted through the attenuator wheel was accomplished in
=8 s; five such scans were averaged together on the com-
puter: )

Our femtosecond pulse shaping techmque has*been de-
scribed in detail elsewhere [27], (28]). Briefly, pulse shap-
ing is achieved by spatial masking within a temporally-
nondispersive lens and grating apparatus, which consists
of a pair of Miffraction gratings placed at the focal planes
of a unit magnification, confocal lens pair. Midway be-
tween the gratings, the optical frequency components
compnsmg the incident femtosecond pulses are spatially

dispersed; at this point we place spatially- patterned masks -
- \
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Fig. 6. Schcrnam of the experimental sctup for- femtosecond switching
measurements.
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Fig. 7. lntcnsityicr‘oss corrclation measurenfent of a 540 fs squarc pulse
with a 90 fs probe pulse.
)

to control both the amplitude and the phase of the indi-
vidual frequency components. The second lens and the
second grating recombine the spatially-dispersed spectral

components into a single collimated beam, resulting in a_

temporal pulse shape which is the Fourier transform of
the pattern transferred by the masks onto the spectrum.’
The pulse shaping masks consisted of fused silica sub-
_strates which were patterned by using standard microlith-
ographic techniques. Phase and amplitude masks were
fabricated on separate substrates and positioned back-to-

back- within the pulse shaping apparatus. The amplitude -

mask was prepared by evaporating a variable transmission
titanium-gold film onto a substrate [28], [29], and the
phase mask was prepared by reactiye ion etching. We de-
signed the masks to provide an apodization of the spec-
trum which would avoid ringing and overshoot on the
* square pulses. A measurement of the experimental square
pulses, obtained by cross correlation with 90 fs pulses di-
rectly from the laser amplifier system, is shown in Fig. 7.
"The duration of the square pulse is 540 fs full-width at
: half-max:mum and the rise and fall-times are below 100
. fs. Note that no ringing or overshoot are visible.

In addition to the phase and amplitude patterns corre-
sponding to the square pulse, the pulse shaping masks also
included an unpaucmed region, which passed the 90 fi

- input pulse unchanged. Thus, we could conveniently se-

lect between square and' bell-shaped pulses by adjusting
the positions of the masks. We do note that pulse shaping
decreases, pulse energy and peak power; for the 540 fs
square pulse, the energy and peak power are reduced to
=15"and 3 percent, respectively, of the corresponding

.order of 10~

~ 2 output reaches a maximum at =
.and then remains approxxmatcly constant for increasing
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values for the unshaped 90 fs pulses. Therefore, a neutfzil '
density filter is used when the unshaped pulse is selected
so that comparable peak intensities are available with
either pulse shape.

V.. SWITCHING Data (L = L)
We now present the results of our.énhing measure-”

ments for fibers of length L = L . Fif. 8 shows the frac-,
tion of the power emerging from eactjpatput of the silica
core fiber as a function of peak input power, for, square
pulses as well as for bell- -shaped (or normal) pulses Com-
paring these curves with the theoretical prediction (Fig.
2), we can clearly recognize the sharper switching tran-
sition, the lower-switching power, and the enhanced
power transfer-associated with square pulse operation. The
square pulse switching power, at which the output is split
equally between the two cores, is 86 kW. This value is in-
good agreement with the predicted.critical power P, = 772
kW, which is obtained from (1) using the known nonlin-
ear coefficient for silica (n, = 3.2 X 107'® cm’/W) and-
using 20 um’ as the effective area. At the highest peak
power available for square pulses (154 kW), 84 percent
of the energy emerges from core 1. Although higher input
powers are available with bell- sha/ped pulses. even at 280
kW only 72-percent of the energy emerges from core 1.
Thus, switching contrast is greatly improved by square
pulse operation. -

Similar switching curves were measured with several
other samples of the pure-silica two-core fiber; gnd com-
parable results were also obtained with the Ge-d@ped two-
core fiber, although in the latter case the switching power
was somewhat reduced due to the smaller core diameter.
In general, at low power =5-20 percent of the power
emerges from core 1, compared to =85-90 percgnt at frigh
powers (with square pulses). The switching contrast at
high powers’is limited pnmdnly_by the finite rise and fall
times of our experimental square pulses, and this also
tends to average over the oscillations predicted for the CW.
signal. The imperfect extinction observed at low power
indicates incomplete energy transfer from core 1 to corf
2. This may be the result of a small mismatch (on the
*).in the effective indexes of the two fiber
guides {23], [30].

The importance of the 'sharpened sw1tchmg transition
associated with square pulse operation is emphasized by
Fig. 9, which shows the integrated power (pulsg, energy)
emerging from each of the dual-core fiber output cores.as
a function of peak input power. For the square pulses the
core 2 output power.reaches a maximum at 66 kW input
power and then decreases as the input power is further
increased, At 154 kW input power, the core 2 output is
reduced 10 Wcm of its maximum valuc, In contrast,
for thé normal (bell-shaped) 90 fs input pulses, the core
=100 kW input power

input power.
For comparison, in Fig. 10 we show a theoretical plot
of the integrated power (pulse ehergy) emergmg from
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Fn . 9. Switching data for a onc-coupling-Tength section of the pure-silica-
dore fiber nonlincar coupler. The integrated intensities (pulse energies)
__rmm core | and core 2 are plotted as a function of peak input power,
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Fig. 10. Theoretical plot of the integrated intensity (pulse energy) emerg.
ing from core 2 as a functionrof peak input power, for various input puise
shapes. (a) CW or ideat square pulse input. (b) Experimental (hinite nise
time) squarc pulsc. {c) sech’(1) pulse. (d) Lorentzian pulse.

guidc?"z‘as a function of input power, for several different
pulSe shapes. At low input ‘intensity all of the light
emerges from core 2; in this limit the plot is independent
of pulse shape. When the power is increased above P..

swuchmg occurs; and the switching contrast depends. crit-

ically on the pulse shape ideal square pulses (curve

“a), complete switching/can be achieved if the input power

is carefully controlled/ For our experimental square pulscs
with finite rise and Aall times, complete switching is not
possible, but abovk P, the integrated power from core 2
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(curve b) does drop to =45 percent of the maximum
value, in good agreement with the measured results. Fi-
nally, for bell-shaped pulses, the output from core 2 re-
mains approximately constant when the input power is
raised above P, although the details depend on the actual
pulse shape (curves are shown for scchz(t) and Lorentz-
ian pulse shapes). Thus, our data for bell-shaped pulses
are also consistent with the theoretical switching curves.

This difference between square and bell-shaped pulses,
illustrated by Figs. 9 &hd 10, has important implications
for all-optical switching. Consider a self-switching envi-
ronment, in which pulses are to be routed either to core 1
or core 2, according to their peak intensity. The most se-
vere crosstalk inrsuch an environment would be associated
with the unswitched portion of high intensity pulses re-
maining in core 2. In the case of our data for bell-shaped
pulses, the output from core 2 remains constant above the
switching power: it is not in principle possible, by ex-

.amining the output of core 2-alone, to distinguish between

low intensity input pulses and crosstalk from high inten-
sity input pulses. In the case of our square pulse data,
however, the output from core 2 does decrease for input
powers above the switching power, and the distinction is
possible. Better discrimination between low- and high-
power inputs could be obtained by increasing the duration
of the square pulse relative to its nise and fall times..

At this point we comment briefly on the stslble effect
of group velolcity dispersion (GVD) on ouf switching’
measurements. Due to the combined influence of GVD

. . e

and sclf-phase-modulation, pulses broaden as they prop-
agate in the fiber; a 100 fs pulse at a wavelength of 620
nm can broaden significantly ( =50 percent) evenina §
mm length nonlinear coupler [21]. Recently the effect of
GVD on nonlinear coupler operation was investigated by
numerical simulation {31]. The results of this simulation
indicate that although with our experimental parameters
pulse broadening should indeed occur, nevertheless GVD
should have little effect on the switching characteristics
of a one-coupling-length nonlinear coupler. The experi-
mental evidénce also indicates that GVD does not seri-
ously affect the measured switching curves for length L,
devices. Not only are the data in good agreement with the
theoretical curves, which do not take GVD into account,
but ‘also the data were not significantly affected when
longer bell-shaped pulses were used for the measure-*
ments.

SWITCHING DATA (L = 2L.)

In this section we discuss, switching data for nonlinear
couplers approximately 2L, indength. Nonlinear couplers
comprising several fiber coupling lengths are theoretically

_ predicted to exhibit extremely abrupt_switching transi-

tions which potentially can offer very-high differential
gain [19]. As we shall see; the measured switching data

. for 2L+ couplers depant significantly from the theoretical

switching curves. This departure, not observed for one-
couplmg length devices, may be attributed to group ve-

.
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locity dispersion (GVD) and to a spectral variation of the
" coupling length.
: Flg 11 shows predicted switching curves for a length
2L, nonlinear coupler. In this figure the fractional output
power from core 2 is plotted as a function of peak input
power for several assumed pulse shapes. GVD is not in-
cluded in the calculation. At low intensity the input light
transfers from core | to core 2 and then back to core 1,
from which it emerges. For the ideal square pulse, the
output from core 2 increases gradually for increasing in-
put power, reaching 100 percent for a power just below
*.the “critical power P,.
abruptly back to core 1 as coupling is inhibited. On the
other hand, for a bell-shaped input pulse, the abrupt
switching behavior will be smeared out almost entirely.
For the experimental square pulse with finite rise time,
nearly abrupt switching should still be observed but with
~reduced contrast compared to the ideal square pulse re-
sult.

An example of the cxpcnmenml switching curves is
plotted in Fig. 12. This particular data was taken for a
10.0 mm length (L = 2.2L.) of the Ge-doped fiber.
Clearly the experimental curves disagreé with the theo-
retical predictions. In the case of the 90 fs bell-shaped

' pulses, the output from core 2 increases to =50 percent
at high powers and then remains constant ‘at this value.
For the square input pulses, although the data do show a
vague resemblance to theory. the switching transition is
gradual and the switching contrast is low ( g 25 percent).
Somewhat. longer bell-shaped pulses (e. g., =130 fs) give
switching curves which are intermediate between the two
sets shown in Fig. 12.

The dlﬁ’erence between Figs. 11 and 12 may largely be
the result of group velocity dispersion. Although the

"~ switching curves are not significantly affected for the one-

coupling-length device, the pulses themselves are tem--

porally broadened after propagation through a length L .
Since temporal broadening reduces the intensity, this can

_substantially alter the switching behavior in the latter por- -

tion of a 2L, device. Indeed, numenrical simulation results
[31] predict switching curves quite similar to those plotted
in Fig. 12 (for bell-shaped pulses). For the square pulses
in our experiment, we expect that GVD should soften the
rising and falling edges but should not produce much
overall broadening. Thus, evidence of some partial
switching from core 1 (at low power) to core 2 (at inter-
, mediate power) and back to core 1 (at htgh power) is still
observed.
" - Another factor which may affect the swuchmg data 18
the spectral variation of the coupling length: (see Fig. 5).
In addition to the temporat broadening, due to self-phase-
modulation in the nonlinear couPlcr, intense shon Pulacs
will also broaden spectrally. For example,.for a 100 fs
input pulse at a power of 2P,, the output pulse from core
1 can be as large as 40 nmi (4 X spectral broadening ) even
for a one-coupling-length device [21]. In general, the
spectral variation of the coupling length will depend on
the coupler design; for our device we estimate that the

S

Above P, the output switches.
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Fig. 11. Theoretical switching curves for a length 2L, nonlincar coupler.
The fraction of the output power emerging from core 2 is plotted versus
normalized peak input power, for various pulse shapes. Solid curve: CW
or ideal square pulsé input. Dashed curve: experimental (finite rise time)
square pulse. Dotted curve: sech®( 1) pulsc.
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Fig. 12. Experimental switching curves for 2.2L, nonlincar coupler. These
data were measured by using the Ge-doped dual-core fiber. The fraction
of the output power emerging from core | and core .2 is plotied as a
function of ‘peak input power. Dotted curves: 540 fs square pulses. Solid
curves: 90 fs bell-shaped (normal) pulses.

coupling length varies by =30 percent over a 40 nm
wavelength band centered at 620 nm. Clearly.. for a two
or more coupling-length device, the wavelength depen-
dence of L. can be expected to influence the switching
performance. ¢ :

I1. SuMMARY

In summary, we report the first use of ultrafast square
pulses to avoid pulse breakup in nonlinear optical switch-
ing. As a specific example, we have investigated femto-
second switching with a dual-core optical fiber nonlinear
coupler. Compared to measurements performed by using
conventional bell-shaped pulses, our measuréments yield
decreased switching power, a sharper switching transi-
tion, and improved power transfer. We anticipate that
square pulse switching can be utilized to enhance the
switching performance of any ultrafast all-optical switch-
ing device triggered by instantaneous intensity.

In addition to our measurements of vns-soupling-lengih
devices, which are in good agreement with the predicted
nonlinear coupler switching characteristics, we have also
investigated switching with longer (two-coupling-length)
nonlinear couplers. These data do not agree with the the-
oretical switching curves, a difference which we ascribe
to pulse reshaping by dispersion and to the wavelength
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dependence of the coupling length. These effects may be
avoided by choosing a laser wavelength more closely
matched to the zero dispersion point of the fiber; by work-
ing with. longer (picosecond') pulses. and by designing
couplers with a detreased wavelength dependence. With
these modifications and with our square pulse-switching
technique, it should be possible to demonstrate abrupt
switching transitions in several coupling length nonlinear
couplers.

. More generally, we expect that ultrafast square pulses
can beneficially impact any nonlinear optical measure-
~ment for which constant pulse intensity would be advan-
tageous. Applications could include determination of
nonlinear optical susceptibilities, investigation of high-
field laser-matter interactions, and ultrafast optical co-
herent transient spectroscopy.
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