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LASERS

Model for a bipolar
semiconductor laser

Principle of random distributed feedback � ber laser operation. Photons propagating 
in a long � ber are coherently scattered in a 83-km � ber by random refractive-index 
inhomogeneities complying with Rayleigh’s law. Most of the scattered photons leak 
out of the � ber core. Only Q~10-3 of them are backscattered and guided by the � ber. 
Two pump waves coupled at z=0 provide distributed Raman gain along the � ber. The 
backscattered guided photons can be ampli� ed if total gain is larger than the loss level, 
which is ful� lled for all points |z|<LRS. As a result, two forward and backward propagat-
ing waves are generated. The numerically calculated laser power distribution (red) and 
Raman gain (blue) are shown.

A basic laser scheme normally requires 
two key elements: A gain material 

that provides amplifi cation and an opti-
cal cavity that traps the light, creating 
positive feedback. Lasing occurs when the 
total gain in the cavity overcomes the to-
tal cavity loss. Operational characteristics 
of conventional lasers are determined 
both by the distinctive features of the 
gain medium and by the cavity design 
that defi nes the structure of laser modes. 

In random lasers with no cavity (or 
with an open cavity),1,2 the output char-
acteristics are determined by the build-
up of radiation due to multiple scatter-
ing in the gain medium, resulting in 
randomly embedded local spatial modes 
that may coexist with non-localized 
extended modes.3 Random lasers have 
advantages, such as simple technology 
that does not require a precise microcav-
ity, and low production cost. However, 
the properties of their output radiation 
are rather special in comparison to those 
of conventional lasers, and they are usu-
ally characterized by complex features in 
the spatial, spectral and time domains.

We demonstrated a new type of 
one-dimensional laser with random 
distributed feedback based on Rayleigh 
scattering (RS), which is present in any 
transparent glass medium due to natural 
inhomogeneities of refractive index.4 � e 
cylindrical fi ber waveguide geometry 
provides transverse confi nement, while 
the cavity is open in the longitudinal di-
rection and does not include any regular 
point-action refl ectors. 

� ough Rayleigh backscattering is 
extremely weak, the eff ect may be accu-
mulated and amplifi ed in the long fi ber. 
Using stimulated Raman scattering to 
provide distributed amplifi cation, we 
demonstrate random lasing in low-cost, 
open-cavity standard transmission fi ber 
with stationary narrowband output 
power of about 300 mW from two fi ber 

ends. � e weakness of the RS-based 
random distributed feedback makes the 
operation and properties of the demon-
strated lasers profoundly diff erent from 
those of both traditional random lasers 
and conventional fi ber lasers. 

Note that RS might also have a criti-
cal impact on performances of conven-
tional (with point refl ectors) fi ber lasers 
with a long cavity. In particular, the 
mode structure of Raman fi ber lasers 
with linear cavity formed by highly 
refl ecting mirrors/gratings is washed out 
at a resonator length of about 300 km.5 

In conclusion, the lasing provided by 
weak random distributed feedback in 
an amplifying fi ber waveguide medium 
constitutes a new class of laser—the ran-
dom distributed feedback fi ber laser. We 

believe that new fundamental science as 
well as new applications and technolo-
gies, in particular, for telecommunica-
tions and sensing, will emerge as a result 
of our development. t
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