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D evices that can buffer or delay the 
arrival of information are funda-

mental building blocks of communica-
tion networks and signal processors. In 
systems operating at ultra-high speeds, 
where information is encoded with pulses 
of light, it is often desirable to use all-op-
tical devices that eliminate the need for 
optical/electronic conversions of infor-
mation. Specific telecommunication ap-
plications that require controllable pulse 
delays of one to many times the pulse 
duration include random-access memory, 
network buffering, data synchronization 
and pattern correlation.  

We have recently demonstrated a new 
type of optical pulse delay scheme based 
on stimulated scattering that represents 
an important advance in flexibility and 
performance. The scheme uses the con-
cept of “slow light,” wherein an optically 
controllable variation in the group refrac-
tive index induces a change in the group 
velocity of a pulse of light.1,2 Most dem-
onstrations of slow light use the change 
in the group index for wavelengths near 
an absorptive transition via the process of 
electromagnetically induced transparency 
(EIT). In such systems, the wavelength of 
operation is not easily tunable since it is 
dictated by a resonance in the medium.

 Stimulated scattering processes lead 
to strong coupling between pump and 
signal fields, which results in frequency-
dependent amplification of the signal 
wave. Consistent with the Kramers-Kro-
nig relations, this frequency-dependent 
gain leads to a rapid spectral variation 
in the refractive index—which in turn 
results in a group velocity that depends 
linearly on the pump-wave power. When 

[ Yoshitomo Okawachi, Jay E. Sharping and Alex-
ander L. Gaeta are with the School of Applied and 
Engineering Physics, Cornell University, Ithaca, N.Y. 
Matthew S. Bigelow, Aaron Schweinsberg and Rob-
ert W. Boyd are with The Institute of Optics, University 
of Rochester, Rochester, N.Y. Zhaoming Zhu and 
Daniel J. Gauthier are with the Department of Phys-
ics, Duke University, Durham, N.C. ]

References

1. L.V. Hau et al. Nature 397, 594-8 (1999). 

2. R.W. Boyd et al. Progress in Optics, 43, edited by E. Wolf, 
497-529 (Elsevier, Amsterdam, 2002).

3. Y. Okawachi et al. Phys. Rev. Lett. 94, 153902 (2005); 
also independently demonstrated by K.Y. Song et al. Opt. 
Express 13, 82-8 (2005).

4. J.E. Sharping et al. Opt. Express 13, 6092-8 (2005). 

the signal frequency is tuned to the peak 
of the gain, the total delay is Td = G/, 
where G is the gain parameter and  
is the linewidth of the gain resonance. 
Such scattering processes can be readily 
induced in conventional optical fibers at 
any wavelength throughout the telecom-
munication bands and beyond.

As a proof of principle, we used 
stimulated Brillouin scattering (SBS) [see 
figure, part (a)] in which the pump and 
signal fields are coupled via an acoustic 
wave, and we observed delays as large as 
20 ns (1.3 times the input pulse dura-
tion), which represents the first demon-
stration of all-optical tunable delays in 
a fiber (b).3 In order to achieve tunable 
delays for pulse bandwidths compatible 
with telecommunication systems, we 
used stimulated Raman scattering (SRS),4 
which has a gain-bandwidth that is much 
greater than that of SBS. We were able 
to produce controllable delays from 0 to 
370 fs with input pulses as short as 430 fs 
(up to 85 percent of the pulse width).

The use of stimulated scattering to 
produce tunable delays represents an 
important advance, given that “off-the-
shelf ” components can be used, reducing 
the overall cost and allowing for straight-
forward integration with the existing 
telecommunications infrastructure. In 
addition, the slow-light resonance can be 
tuned to any wavelength, thus allowing 
for operation in the S-, C-, and L-band 
optical communication windows. 
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(a) Illustration of slow-light scheme 
using SBS. (b) Temporal evolution of 
signal pulses using SBS. (c) Plot of 
induced delay as a function of Brillouin 
gain parameter G.
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