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O rganic molecules with extended 
electron conjugation off er a third-

order off -resonant nonlinear optical re-
sponse that is practically instantaneous, 
and they could allow for the mediation 
of light-light interaction at femtosecond 
speeds. � e main challenge for ap-
plications is the necessity to develop a 
solid-state organic material that not only 
refl ects the high optical nonlinearities 
of its molecular components, but that 
also has a high optical quality and can 
be easily and effi  ciently combined with 
current integrated optics technology. 

One of the most commercially in-
teresting and cost-eff ective technologies 
available is the silicon-on-insulator plat-
form, which can deliver integrated optics 
structures with nanometer precision in 
modern high-volume complementary 
metal-oxide–semiconductor (CMOS) 
lines. We have demonstrated a reliable 
and effi  cient new way of combining the 
best features of organic nonlinear opti-
cal materials with the silicon photonics 
platform and thus obtaining ultra-fast 
all-optical switching capabilities.

� is work built on recent research on 
a new family of small organic molecules 
that can maintain an exceptionally high 
third-order nonlinearity with shrinking 
size and create a dense supramolecular 
assembly with a low refractive index, a 
high third-order susceptibility, and a high 
optical quality.1,2

We used the organic nonlinear optical 
molecule DDMEBT (2-[4-(dimethylami-
no)phenyl]-3-{[4-(dimethylamino)phenyl]
ethynyl}buta-1,3-diene-1,1,4,4-tetracar-
bonitrile)) and molecular beam deposition 
to cover a silicon slot waveguide.2,3 � e 
molecules fi lled the nanometer scale slot 
completely and homogeneously, realizing 
an ideal structure that uses the passive 
silicon waveguide to control a narrow 
optical mode (diameter ~100 nm) inside 
the organic nonlinear optical material. In 

this geometry, most of the optical power 
travels outside the silicon, with a high 
optical intensity in the organic cladding 
that can be maintained over macro-
scopic propagation lengths, leading 
to enhanced nonlinear optical eff ects 
while at the same time minimizing the 
intensity in the silicon and the related 
two-photon absorption.

� e resulting silicon-organic-hybrid 
(SOH) nonlinear optical waveguide 
combines the best of two worlds: the fl ex-
ibility of organic chemistry for functional 
nonlinear optical properties and the 
ability of silicon nanophotonics to create 
very high-quality optical waveguiding 
circuitry. � e third-order optical nonlin-
earity in the organic then provides what 
silicon cannot: all-optical switching at 
very high data rates without two-photon 
absorption and free carrier generation. 
� e SOH system provides higher intensi-
ties in the organic than could be obtained 
by creating an organic waveguide by other 
means and is potentially the best way to 

(Left) Illustration of the optical mode guided by a silicon-on-oxide slot waveguide (optical 
polarization is horizontal) and of the nonlinear optical organic molecule used for the organic 
cladding.2 (Right) Scanning electron microscope image of the cross-section of the fabricat-
ed SOH waveguide and eye diagram of the 42.7 Gbit/s signal demultiplexed out of a 170.8 
Gbit/s signal.3,4

mediate light-light interaction and en-
able all-optical switching applications in 
integrated optics.

We measured a record nonlinear-
ity coeffi  cient of  γ ≈ 100 W–1m–1 in a 
4-mm-long SOH waveguide that was 
used for all-optical demultiplexing of 
170.8 Gbit/s to 42.7 Gbit/s in the 1.55 
µm telecommunication window.3,4 � is 
is a key step forward toward the develop-
ment of more complex and fl exible pho-
tonic integrated circuits that incorporate 
active functionality. 

M.L. Scimeca and I. Biaggio are with the depart-
ment of physics and the Center for Optical 
Technologies at Lehigh University in Bethlehem, 
Pa., U.S.A. B. Breiten and F. Diederich are affi liated 
with the Laboratorium für Organische Chemie, ETH 
Zürich, Hönggerberg, Zürich, Switzerland. T. Vallai-
tis, W. Freude and J. Leuthold work in the Institute 
of Photonics and Quantum Electronics, University 
of Karlsruhe, Germany.

References

1. J. C. May et al. Appl. Phys. Lett. 90, 251106 (2007).

2. B. Esembeson et al. Adv. Mater. 19, 1-4 (2008).

3. C. Koos et al. Nature Photon. 3, 216-9 (2009).

4. J. Leuthold et al. Proc. IEEE 97 (7), 1304-16 (2009).

Si Si

DDMEBT

DDMEBT
molecule

Silica

10 ps/dv

Si Si

500 nm

200 nm


