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NONCONFIDENTIAL TECHNOLOGY BRIEF

Cornell’s Photonics Technology

Professor Michal Lipson and a team of Cornell researchers have invented small (~20 um), fast (up to 40
Gbits/sec or Gbps), CMOS compatible optical and electro-optical switching devices. Cornell’s switches
can be used to build silicon photonic devices for different applications, including optical logic and
multiplexers.

In its basic configuration, the device is an electro-optical switch (EOS)
which uses a ring resonator to modulate an optical signal in an adjacent
waveguide. This is the first EOS based on a ring resonator. This
novel design exploits an electro-optic effect (plasma dispersion) in the
resonator cavity to modulate light transmission; a bias applied across
the resonator injects carriers which changes its refractive index and
therefore its resonance frequency.

This configuration has a very high modulation depth at a drive power
of as low as 20 mW and low dissipated power (Pd). In device
prototypes, a maximum modulation depth of 53% was obtained at Pd =
20 mW with I = 5.4 mA. Switching speeds of at least 5 GHz at low
power with high modulation depths have been demonstrated.

The ring EOS structure was improved by extending the n-doped region
to create a nearly closed P-I-N junction thereby increasing the
efficiency with which injected carriers are extracted. High quality
modulation signal has been obtained at 4 Gbps with modulation as high
| as 10+ Gbps expected.

Further improvements involved employing a novel electrical driving
| system to increase the initial rate of carrier injection. The latest results
show 18 Gbps electro-optic modulation speeds. Future improvements
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In addition to the obvious application of Cornell’s ultrafast MODULATOR
EOSs to modulate a single signal in a waveguide, these WONOR
devices can be cascaded to form the key components of a G
wavelength division multiplexing (WDM) interconnection
system such as that shown at right. Experimental results
show clean eye diagrams when each of four 10 micron
diameter ring modulators is modulated at 4 Gbps with no .
inter-channel crosstalk. Terabit per second data transfer
rates can be achieved by multiplexing twenty-five 40 Gbps

EOSs.

Planar Ring A further application is in optical logic.
o / Resonator

/7~ N\ The refractive index in silicon can be
\ ) changed by optical as Well as by electrigal
COMROL BEM _ N - eg] PROBE B0 means. Cornell’s .optlcal loglc .e'xp101ts
TR COUPLER two-photon absorption (TPA) in silicon to

modulate the signal (probe) beam. The
energy of the control beam and the probe beam are each kept below the threshold at which TPA will
induce change in the ring resonator’s resonance frequency, but if both beams are present, the threshold is
surpassed and the ring’s resonance frequency is altered sufficiently to either stop the probe beam (a
NAND gate — see figure above) or to allow the probe beam to pass (an AND gate). Both NAND and
AND operations have been demonstrated at 310 Mbps. Because NAND gates have the property of
functional completeness, which means that any logic structure (AND, NOR, XOR, etc.) can be created
using only NAND gates, Cornell’s all-optical logic device is sufficient to enable the construction of a
complete integrated circuit.
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