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Introduction

• 1964: Townes, Basov and Prokhorov 

• 1971: Gabor

• 1981: Bloembergen and Schawlow

• 1997: Chu, Cohen-Tannoudji and Phillips

• 2000: Alferov and Kroemer

• 2005: Hänsch an Hall

Nobel Prize in Physics awarded for contribution related to laser



History

First laser was demonstrated in 1960 by T. Maiman

First fiber laser was demonstrated in 1963 E. Snitzer



The first laser paper!



Who invented the laser?
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Who invented the laser?

• Charles Hard Townes and Arthur Leonard Schawlow

• Gordon Gould

• N. Basov and A. Prokhorov

• Nico Blombergen



How does a laser work?

Pump

Active medium

HR mirror

OC

Output

Lasers tend to operate in a mode so that the optical

field in the cavity sees smallest loss per cavity round trip



How does a laser work?

We need to have 3 things put together in a certain way to make a laser:

1. Pump to create a population inversion

2. Gain medium where the population inversion occurs

3. Cavity to provide a positive feedback for the field to build up



Is this really a laser?

Science, 28 January 2011



Laser characteristics

• Directional emission

• Clear lasing threshold

• Spectral narrowing

• Gain medium

• Pump

• Cavity

Required components:



Why are people still doing research in 

lasers?

Requirements:  

• New wavelength bands

• Maximum average output power

• Maximum peak output power

• Minimum output pulse duration

• Maximum power efficiency

• Minimum cost

The physics of laser operation is well

understood. But there is always need

for better and cheaper lasers. Also, 

there are still a lot of applications’

requirements that current technology

can not satisfy.



Laser market
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Communications & optical storage
Includes all laser diodes used in telecommunications, data communications, and optical storage 

applications, including pumps for optical amplifiers.



Materials processing & lithography
Includes lasers used for all types of metal processing (welding, cutting, annealing, drilling); 

semiconductor and microelectronics manufacturing (lithography, scribing, defect repair, via 

drilling); marking of all materials; and other materials processing (such as cutting and welding 

organics, rapid prototyping, micromachining, and grating manufacture). Also includes lasers 

for lithography.



Laser materials processing



Research and Military



Laser market

Laserfocusworld.com



Laser market

Laserfocusworld.com
(2013 data)

Current fiber 

lasers market 

share is ~ 25%



Active fibers
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Advantages of fiber format

• High efficiency

• Air-cooled

• Direct diode pumping

• Compact

• Alignment free

• Reliable

• Low cost

• Performance

Fiber format removes the strict

requirement of heat management

which is normally very critical in

solid-state lasers

But there are also disadvantages:

• Long gain media

• High nonlinearity

• Polarization stability



Laser design



Fiber laser performance



mJ energy femtosecond fiber 

laser: > 1GW peak power!

Tünnermann’s group



What can fiber laser do?



Cladding pump technology

http://www.rp-photonics.com/double_clad_fibers.html



Cladding pump technology

(Goldberg, Opt. Lett. 1999)(US patent # 5,864,644)

GTWave technology (credit: D. Payne)



Beam combination 

(credit: D. Payne)



Project #8: Mode-locked fiber 

laser

• Measure laser pulse train

• Measure output spectrum

• Measure laser pulse duration

• Observe phase-locked of laser modes
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How does the laser work?

Pump

Active medium

HR mirror

OC

Laser output

L = q*/2
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Mode-locking

Credit: Oscar Herrera



Time domain vs. frequency domain

Long pulse

Short pulse

Spectrum

time

time

frequency

frequency

Connected by the Fourier transform



Interesting facts about mode-locked lasers

Mode-locked lasers do not “work” 99.9999% of the time!

10ns

100fs

Mode-locked lasers generate the highest peak power among lasers

Mode-locked lasers provide one of the shortest events in nature

Mode-locked lasers are one of the best frequency rulers

Mode-locked lasers have the lowest timing jitter compared with most elec. devices



What is the best approach for mode-locking?

 Kerr lens (does not work for fiber, yet)

 Nonlinear Polarization Evolution 

(NPE)

 SESAM

 Carbon nanotubes (CNT) and 

graphene

(Batop)

(Wikipedia)

http://batop.com/products/saturable-absorber/saturable-absorber-mirror/saturable-absorber-mirror.html
http://batop.com/products/saturable-absorber/saturable-absorber-mirror/saturable-absorber-mirror.html


Carbon nanotube saturable absorber 

(source: http://en.wikipedia.org/wiki/Carbon_nanotube)

• ~1nm diameter

• Possess ultrafast carrier recovery time (<1ps)

• Robust

• Low cost

Great material for making saturable absorber!

(Y. C. Chen et al., Appl. Phys. Lett., 

Vol. 81, No. 6, 5 August 2002)



Early implementations

(source: Set et al., Quant. Elect., 2004)

Drawbacks:

• Not fiber compatible

• Thin film geometry: very low damage threshold



Fiber taper based CNT SA

Carbon nanotube bundles Fiber taper (top) and 

standard fiber (bottom)

Fiber taper-based CNT SA

First battery operated femtosecond

fiber laser in the market



Compact ML fiber laser



Autocorrelation measurement

Corner cube

Corner cube

50/50

Beam-splitter

Input pulse train

Delay line

Focusing lens

BBO crystal

Silicon 

photodetector

Oscilloscope

1ps



Amplified pulses at ~ 1550nm

100 mW average output

100 MHz repetition rate

compressed to ~ 65 fs with SMF28

Peak power > 10kW

Fiber taper embedded in CNT/polymer composite

Laser oscillator spectrum

Laser spectrum after amplifier



Supercontinuum generation

Octave spanning SC in 3 cm of HNLF!

ML laser EDFA HNLF

K. Kieu et al., PTL. 2010



Few cycle pulse generation

K. Kieu et al., PTL. 2010



Multiphoton imaging

• 3D sectioning

• Non-invasive

• High resolution

• Chemical sensitivity (CARS)

W. Zipfel et al., nature 2003



Ultrafast fiber laser for brain imaging
(in collaboration with Prof. Wise and Prof. Schaffer at Cornell)

500 m into mouse cortex, where the soma of layer 5 pyramidal neurons

are clearly visible surrounded by capillary beds

(scale bars are 75 m )

K. Kieu, et al., OL 2009



Brain Imaging

(Collaboration with C. Barns, S. Cohen, A. Koshy, L. Madhavan)

• Label-free identification of cell type

• Match behaviors to corresponding cells

• Stem cell imaging

• Parasite tracking

• Rapid whole brain imaging

• and more…

Blue: YFP

Red: Endogenous
2mm



Brain Imaging

(Collaboration with C. Barns, S. Cohen, A. Koshy, L. Madhavan)

Blue: YFP

Red: Endogenous

200µm



Brain Imaging



Whole body 3D imaging of small insects



Questions for thoughts

• Can fiber lasers be used for all applications?

(Think of a application that current fiber lasers can not be used)

• What is the power limit of fiber lasers?

• Is that important to know exactly who invented the laser?

• How many more years are we going to do research on laser?

• Can we use lasers to predict earthquakes?


