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Abstract.We discuss in detail a compact all-solid-state laser
delivering sub-5-fs, 2-MW pulses at repetition rates up to
1MHz. The shortest pulse generated thus far measures only
4.6 fs. The laser system employed is based on a cavity-
dumped Ti:sapphire oscillator whose output is chirped in
a single-mode fiber. The resulting white-light continuum is
compressed in a novel high-throughput prism chirped-mirror
Gires–Tournois interferometer pulse compressor. The tem-
poral and spectral phase of the sub-5-fs pulses are deduced
from the collinear fringe-resolved autocorrelation and optical
spectrum. The derived pulse shape agrees well with the one
retrieved from the measured group delay of the continuum
and calculated characteristics of the pulse compressor.

PACS: 42.65.Re; 42.30.Rx; 42.81.-I

Ever since pulsed lasers were invented there has been a race
towards shorter optical pulses [1]. Next to the fact that the
breaking of any record is a challenge, a major scientif-
ic driving force came from dynamical studies showing that
ultrashort pulses were essential to the exploration of ele-
mentary processes in chemistry, photobiology, and physics.
For instance, the primary step in bond-breaking reactions
(femtochemistry) [2], the rate of electron-transfer in photo-
synthetic reaction centra [3, 4], and the time scales of re-
laxation processes in condensed phase [5, 6] could only be
time-resolved with femtosecond excitation pulses. On the
road towards femtoseconds pulse generation a better grasp
of the underlying physics proved to be essential. A mile-
stone here was the development of the colliding pulse mod-
elocked (CPM) laser [7]. When the importance of a careful
balance between the group delay and dispersion on pulse
formation was recognized [8, 9], sub-100-fs optical pulses be-
came feasible [10, 11]. Further development ultimately led
to the prism-controlled CPM laser [12, 13], which delivered
pulses of ∼ 30 fs. It was this CPM laser that laid the foun-
dation for many ground-breaking experiments in the past
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decade, from the observation of wave-packet motion in chem-
ical reactions [14] to the exploration of carrier dynamics in
semiconductors [15, 16].
Another crucial invention for ultrashort optical pulse gen-

eration was the technique of fiber pulse compression [17].
A relatively long pulse is injected into a single-mode fiber
and via the combined action of self-phase-modulation [18]
and dispersion becomes spectrally broadened, carrying an
almost linear chirp [19]. This spectrally and temporal-
ly broadened pulse is subsequently compressed by a pair
of gratings [20–22], prisms [10, 23], or their combination
[24, 25] to a much shorter pulse. The compressor’s action is
to retard in a well-definedmanner the frequencies of the pulse
that have advanced. Pulse compression of the amplified out-
put of the CPM laser culminated in the generation of optical
pulses of 6 fs (assuming a hyperbolic secant pulse profile)
in 1987 [25]. The electric field of such a pulse exhibits only
4.5 oscillations at its FWHM.1 With these ultrashort puls-
es, photon echoes in solution could be studied for the first
time [26–28], and their large spectral widths turned out to
be very useful for pump–probe experiments in photobiolo-
gy [29, 30].
A new era in ultrafast laser technology began with the de-

velopment of the fs modelocked Ti:sapphire laser [31], which
routinely generates pulses of about 10-15 fs [32–37]. In add-
ition, this laser exhibits low amplitude noise and is extremely
reliable. Not surprisingly, in the past five years Ti:sapphire-
based lasers have replaced the CPM lasers in many laborato-
ries as new ultrafast light sources. Sub-10-fs pulse formation
from a Ti:sapphire laser also looked promising, as the fluores-
cence bandwidth of the lasing material [38] allows for pulses
as short as 4 fs. However, despite much work, the shortest
pulses generated by this laser to date are ∼ 7-8 fs in du-
ration [39–44] and according to current understanding this
seems to be the practical limit [42, 45, 46].
With the development of a 13-fs cavity-dumped laser,

pulse compression was shown to be a viable route towards

1The frequently cited number of 3 oscillations [6, 25] refers to the duration
of the intensity envelope, which, in contrast to the electric field, contains no
oscillations at the optical frequency.


