11. Dispersion and Ultrashort Pulses li

Generating negative group-
delay dispersion — angular dispersion

Pulse compression

Prisms

Gratings

Chirped mirrors










So how can we generate negative GDD?

Negative GDD
Device




Optical
element

Input
beam

In this cartoon, you can see
why there is negative GDD:
the blue precedes the red.










we did not assume anything at all
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angle of deviation
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Assume Brewster
angle incidence
and exit angles.

Let’s write the GDD
iIncluding both the angular
dispersion and the material
dispersion.

Let L be the length of the

'prism

path inside the prisms and
L., be the prism separation.

2
d’e Al A | dn L7 A d’n
dw’ . 2me, \ dA, P2 eyt d A’
a)o / T T .
Always This term assumes This term allows the beam
negative! that the beam grazes to pass through an additional

the tip of each prism length, L., of prism material.

We can independently vary L, or L .. to tune the GDD!
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— Angular dispersion yields —_
negative GDD.
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What does the pulse look like inside a
pulse compressor?

If we send an unchirped pulse
Into a pulse compressor, it
emerges with negative chirp.

Note all the spatio-temporal distortions.




What does the pulse look like inside a
pulse compressor?

If we send a positively chirped
pulse into a pulse compressor, it
emerges unchirped (if everything
Is adjusted just right).

Note all the spatio-temporal distortions.




Adjusting the GDD maintains alignment.

Remarkably, this does The output path is
not misalign the beam. independent of prism
position.

Input beam Output beam
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Design Considerations for a Femtosecond Pulse Laser
Balancing Self Phase Modulation, Group Velocity
Dispersion, Saturable Absorption,
and Saturable Gain

JANIS A. VALDMANIS anp R. L. FORK

INTENSITY

Generation of optical pulses shorter than 0.1 psec by colliding pulse mode
locking

R.L. Fork, B, 1. Greene, and C. V. Shank Appl. Phys. Lett. 38,671 (1981)

- . Bell Telephone Laboratories, Holmdel, New Jersey 07733
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Fig. 1. Autocorrelation trace of pulses having 27 5 duration assﬁming sech’
pulse shape.
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Fig 2. Schematic diapram of the six-mirror ring cavity incorporating a tour-

prism sequence [or the adjustment of intracavity group velocity disper- FI1G. 1. Schematic diagram of ring laser used for CPM. The focusing
sion.

mirrors for the gain region have a 10-cm radius and those for the
absorber have a 5-cm radius. Cavity roung-trip tine was 10 nsec.




The required separation between prisms
in a pulse compressor can be large.

1 cm Prism Spacing

Different prism

/ materials
1

Angle of Incidence




Four-prism pulse compressor




1. 1D beam magnification

2. Angular dispersion
3. Spatial chirp
4. Pulse-front tilt
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2nd- and 3rd-order phase terms for prism
and grating pulse compressors

] v

SQ1 (L =1 cm) 620 550 240
Piece of glass 800 362 280

Brewster prism 620 -760 -1300
pair, SQ1
£ =50 cm 800 -523 -612
grating pair 620 -8.2 10° 1.110
b=20cm; 3=0°
d=12 um 800 -3 108 6.8 10°




Compensating 2nd 3rd-order spectral phase

Use a prism a grating compressor. Since they have 3rd-order

terms with opposite signs, they can be used to achieve almost arbitrary
amounts of both second- and third-order phase.

LR vAlaWl.

Prism compressor

Grating compressor

Given the 2nd- and 3rd-order phases of the input pulse,
Pinpur2 @NA @5, ONE CaN solve two simultaneous equations:

¢input2 + ¢prism2 + ¢grating2 = O

gpinput?) + (Dprism3 + (Dgrating?) = O



Note the cubic
spectral phase!
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Compression of optical pulses to six femtoseconds by using cubic
phase compensation

R. L. Fork, C. H. Brito Cruz, P. C. Becker, and C. V. Shank
AT#&T Bell Laboratories, Crawfords Corner Road, Holmdel, New Jersey 07733-1988
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This ten-year gap happened (in part) because it did not occur to anybody
to try to figure out a way to compensate the fourth-order phase.
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Optical pulse compression to 5 fs at a 1-MHz repetition rate

Andrius Baltuska, Zhiyi Wei, Maxim S. Pshenichnikov, and Douwe A. Wiersma

Ultrafast Laser and Spectroscopy Laboratory, Department of Chemistry, University of Groningen,
Nijenborgh 4, 9747 AG Groningen, The Netherlands
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Self-starting 6.5-fs pulses from a Ti:sapphire laser

L. D. Jung, F. X. Kirtner, N. Matuschek, D. H. Sutter, F. Morier-Genoud, G. Zhang, and U. Keller

Ultrafast Laser Physics, Institute of Quantum Electronics, Swiss Federal Institute of Technology,
ETH Hoénggerberg-HPT, CH-8093 Ziirich, Switzerland

V. Scheuer, M. Tilsch, and T. Tschudi

Institute for Applied Physics, TH Darmstadi, D-64289 Germany

Ti:Sapphire, 2.3mm,

0.25% doping :
—— axperiment
l R=10cm

R=10cm ---- ideal sech 6.5 fs n

broadband

=~ SESAM

Interferometric Autocorrelation

LT GaAs, 15-nm
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Reference pulses
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BS
= From amplifier

<3015, 790 nm, 1 kHz

Intensity (a.u.)

Intensity [au.]

460 - 1060 nm
(Av = 369 THz)

Intensity (a.u)

150 lines/mm [,
Ap= 500 nm

4-f phase manipulator

Liquid crystal SLM .
grayscale resolution: 192 f=150 mm
pixel number: 648
pixel size: 102 um Hollow fiber (3.0-atm argon gas, 2a=0.1 mm, =340 mm)

2.81s
1.5 cycles

Ao= 580 nm
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