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The laser was born from a strong competition 
between large industry labs and the academic world. 
Guess who won.

May 1960
Birth of the LASER

T H Maiman



Fe
m

to
-u

p 
20

20
 S

tr
as

bo
ur

g,
 8

 m
ar

s 2
02

1

4

Poor Javan

6 months later Ali Javan 
produced the first Helium-

Neon laser at Bell labs, 
Murray Hill, N-J

Murray Hill facility
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Controlling passive mode-locking

Generation and measurement of 200 femtosecond optical pulses, Diels, J.-C., Van Stryland, E., Benedict, G, Optics 
Communications, Volume 25, Issue 1, April 1978, Pages 93-96.

Then came a decade of exploration of 
active and passive mode-locking

Passive mode-locking based on dye 
lasers

Playing with the relative position of the gain and the saturation it was 
observed that the collision of the pulses inside the saturable absorber 
efficiently generated short sub-picosecond light pulses

Sub-picosecond pulses but highly unstable
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Automatic
synchronization

60 fs

Here comes the colliding pulse mode-locked

CPM ~ 1980

Generation of optical pulses shorter than 0.1 psec by colliding pulse mode locking, by R. L. Fork, B. I. 
Greene, and C. V. Shank, in Appl. Phys. Lett. 38, 671 (1981)

Charles Vanel Shank

pompe
Ar+, CW, 515 nm

gain
Rh6G absorbant saturable

DODCI
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The action was taking 
place in the Holmdel Bell 
Labs facility in New-jersey

The Main building was shaped as
an integrated circuit chip.

The water tower was shaped as the
original transistor developed by Bell.
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CPM
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It is worth noting, here, that the full
project in Shank’s group was to set
up a full instrument and the tools
necessary for performing real
experiments.
- oscillator
- amplifier
- pulse compressor
- white light generator
- auto & cross correlator
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Four stages amplifier

70 fs pulses, 0.3 GW/pulse @ 10 Hz
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Taking care of the group velocity dispersion

E. B. Treacy, Optical pulse compression with diffraction gratings, IEEE J. Quantum Electron. 5, 454 (1969). 

A grating compressor allows for the rephasing of a pulse frequencies that have been dispersed 
when crossing a transparent material with positive index of refraction.
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Time to do experiments

(a) Femtosecond-Time-Resolved Surface Structural Dynamics of Optically Excited Silicon by C. V. Shank, R. Yen,
and C. Hirlimann in Phys. Rev. Lett. 51, 900, 5 September 1983.

(b) Time-Resolved Reflectivity Measurements of Femtosecond-Optical-Pulse-Induced Phase Transitions in Silicon
by C. V. Shank, R. Yen, and C. Hirlimann in Phys. Rev. Lett. 50, 454, 7 February 1983.

VOLUME 51, NUMBER 10 PHYSICAL REVIEW LETTERS 5 SEPTEMBER 1'983

contribution to the nonlinear polarization which
is a function of the angle of incidence, H. For
A(8) =0 the generated second-harmonic radiation
is sixfold symmetric and for A(8) =1 a threefold
symmetry is expected. In the experiments to be
described here the angle of incidence is 45 and
the second-harmonic radiation is observed to
have nearly threefold symmetry indicating A(0)

In our experiments we use a pulse at 620 nm
with a duration of 90 fs" "to excite the (111)
surface of a polished silicon wafer and measure
the second-harmonic radiation generated by a
second much weaker pulse at delayed time. The
probing beam sampled the central 10% of the
sample area and the probe intensity was at least
an order of magnitude weaker than the weakest
pump intensity. The pumping pulse was incident
normal to the semiconductor surface and was
100 pm in diameter. The sample was mounted
on a combination rotation and translation stage.
A computer controlled the rotation and transla-
tion of the wafer so that each pulse of the laser
was incident on a new spot on the silicon wafer.
This was absolutely necessary because multiple
shots from the laser produce cumulative damage
to the surface. The laser was operated at 10 Hz.
The probing pulse was incident on the surface at
an angle of 45 with the polarization parallel to
the plane of incidence. The primary difficulty
with this experiment is isolating the second-har-
monic radiation from the pumping pulse from
the much weaker second-harmonic signal gen-
erated by the probing pulse. Since the second-
harmonic radiation generated by the probe pulse
is collinear with the reflected fundamental radia-
tion it is possible to use spatial filtering to pre-
vent unwanted second-harmonic light from the
pump from entering the detection system. This
was easily checked by noting that the detected
second-harmonic signal from the probing pulse
went to zero when the probe pulse was blocked.
As in our previous work' we observe the thresh-

old for amorphous surface-layer formation to
be at O. l J/cm' and define this intensity to be
E,h. As we have discussed, the observed varia-
tion of the second-harmonic radiation as function
of the angle of rotation y about the (111) axis
exhibits a nearly threefold rotational symmetry.
Maxima and minima in the second-harmonic ra-
diation from the surface are observed every 120'.
In Fig. 1 we show the time dependence of the
second-harmonic signal generated by the probe
pulse as a function of time delay following excita-
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FIG. 1. (a} Normalized second-harmonic intensity

as a function of time for O.GEt~ pump energy. The
upper curve is for y = 120 (maximum) and the lower
curve is for cp = 60' (minimum). (b) Normalized sec-
ond-harmonic intensity as a function of time for 2.0E,h
pump energy. The upper curve is for y = 120 (maxi-
mum) and the lower curve is for y = 60 (minimum).

tion of the surface by the pumping pulse. In Fig.
2 we have plotted the second-harmonic radiation
as a function of angle of rotation of the crystal,
y, in polar coordinates for two different power
levels.
The data in Fig. 1(a) show the dependence oi' the

second-harmonic intensity on the time delay,
with the pumping pulse at 0.5E,h energy. The
electron density at this pumping level is approxi-
mately 10"cm'. A small 15% increase in the
second-harmonic radiation is observed within
the first few hundred femtoseconds for y = 120'.
The polar plot in Fig. 2(a) reveals that the rota-
tional dependence of the second harmonic shows
little change. These experiments indicate that
even at these high densities bonding electrons
still dominate the second-harmonic generation
process. The small secondary peak of the second-
harmonic radiation at @=60 disappears shortly
after excitation, possibly indicating that the plas-
ma causes a more perfect cancellation between
the isotropic and anisotropic contributions to the

901

(a)

(b)

It takes only 300 fs for Silicon to melt under irradiation @ 620 nm

1982
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First CPM ever

Right -> left

Charles V. Shank
Richard L. Fork
Fred Beisser
Charles IV Hirlimann
Richard Yen
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This paper lead to intracavity compression
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pump
Ar, CW
515 nm

gain
Rh6G

saturable
absorber
DODCI

Adjustable GVD inside the cavity

going from 90 fs to 60 fs

Intracavity pulse compression with glass: a new method of generating pulses shorter than 60 fsec by W. Dietel, J. J.
Fontaine, and J.-C. Diels in Optics Letters 8, 4, January 1983.

In 1982, Jean-Claude
Diels, @ North Texas U.
recognized the negative
dispersion occurring
inside the cavity of the
CPM. He cured this
chirp by adding a prism
inside the cavity
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Prisms compressor, 1984

Negative dispersion using pairs of prisms by O.E.Martinez, R.L. Fork, and J.P.Gordon, in Opt. Lett. 9, 156 (1984)

As Brewster prisms do not loss, the search
for a prism compressor was highly
desirable for introduction into a laser
cavity.

It was not clear though if the shorter pass
in air of the red component could
compensate for the dispersion in glass.In 1984, Oscar Martinez

from the Argentinian
Scientific and Technical
Research Council de-
monstrated the validity
of a prisms compres-
sor. More he showed
that the Taylor’s 3rd

order compensates the
3rd order for gratings.
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pump
Ar, CW
515 nm

gain
Rh6G

saturable
absorber
DODCI

optical
compressor

compressed-CPM ~ 1984
30 fs

Much higher stability

Jim Gordon, pope of
the soliton propgation
in optical fibber, reco-
gnized the quasi-
soliton behaviour of
the CPM*
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CPM CPM*
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This work paved the way to understanding the Ti:Sap laser

F. Salin, P. Grangier, and A. Brun, Phys. Rev. Let., 56, 1132 (1986)
D. E. Spence, P. N. Kean, and W. Sibbett, Optics Letters, 16, 42 (1991)

The key point in this work is the understanding that the very origin of the
passive mode-locking in the laser was not the saturation of the absorber
but the self-phase modulation taking place in the solvent of the jet!

In 1986, François Salin @ Institut
d’Optique Orsay, using a stroboscopic
technique for measuring the auto-
correlation of the pulses, demonstrated
the quasi soliton beheviour of the
compressed CPM.

Self-phase modulation is the key-stone
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Ar+ 514.5 nm
CW, 20W

compressor

Ti:sap crystalaperture
870nm

60 fs

Then came the “magic“ mode-locking

In 1990, Wilson Sibbett @ St Andrew U., Scotland, was exploring
broadband gain solid materials looking to getting rid of all these dirty
dies. Exploring aluminium oxide crystals doped with titanium, he replaced
the gain jet of his commercial picosecond laser with one of these. He
then observed that the laser would “magically” run femtosecond when
slightly hit.

It was latter recognized
that the necessary self-
phase modulation was
taking place inside the gain
criytal.

Introducing THE 
TI:Sapphire Laser

A low maintenance 
universal femto laser
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Time for something really new!
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Diving deeper!

ampli
50 fs

6 fs !!

1 µJ

white
light

R. L. Fork, C. H. Brito Cruz, P. C. Becker, and C. V. Shank, "Compression of optical pulses to 
six femtoseconds by using cubic phase compensation," Opt. Lett. 12, 483-485 (1987)

In 1987, Carlos Henrique de Brito Cruz, from UNICAMP, Brazil, visiting
Shank’s Group. did set-up a white light generator based on intense self-
phase modulation inside a short mono-mode silica fibber. Taking
advantage of the opposite signs of the 3rd order terms of the Taylor’s
development of the group velocity dispersion in gratings and prisms
compressor he succeeded generating 6 fs pulses.

1987    6fs
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Femtosecond lasers did open the way to the study of the fastest
phenomena in which electron are involved, that includes material
physics, fundamental chemistry, and fundamental biology.

They also found very many applications, such as, for example, material
processing or eyes surgery.

Scientific applications

Further developments

- As early as 1985, Dona Strickland and Gérard Mourou demonstrated
Chirped Pulse amplification that would lead to the present days Extreme
Lasers.
- At the very beginning of the century, the first train of attosecond pulses
from high harmonic generation was observed.

Donna Strickland et Gerard Mourou, « Compression of amplified chirped optical pulses », Optics
Communications, vol. 55, no 6, octobre 1985, p. 447–449

Observation of a train of attosecond pulses from high harmonic generation by P. M. PP. M. Paul, E. S. 
Toma, P. Breger, G. Mullot, F. Augé, Ph. Balcou, H. G. Muller, P. Agostini, in Science 292, 1689 (2001)

But these are other stories


