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Andreas G. Andreou, a professor in the Department of
Electrical and Computer Engineering, and doctoral
student Alyssa Apsel were part of the team that
developed a new microsystem that uses light beamsin

place of metal wires.
Photo by Jay VanRenssel aer

Andreou's team relies on the same fiber optics technology that is used to carry
phone conversations across great distances. These components are incorporated
into a new type of microchip technology. The microchips inside most modern
computers are assembled on thin slices of silicon, a material that isa
semiconductor. The Johns Hopkins engineers use microchipsin which silicon is
layered onto thin slices of synthetic sapphire, a material that is an insulator and
also alows light to pass through it.

In the microsystem devised by Andreou's team, asignal that originatesin awire
istransformed into light and beamed through the transparent sapphire substrate
viaalaser that is only dlightly larger than a human hair. Microlenses and other
optical components, manufactured at the same time as the electronic circuits on
the microchip, collect the light beam and guide it to another place on the
microchip or, using an optical fiber, move it to another chip.
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This diagram shows how the optoelectric model is assembled.

At its destination, the light enters a high-speed optical receiver circuit that
transforms the stream of photons into a stream of electrons that continue their
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journey through electrical wiring connected to other computer components. By
using optical signals, or smply an unhindered laser beam, the Johns Hopkins
researchers believe asignal could move 100 times faster than it does along a
metal wire. Also, the optoel ectric interface circuits require much less power
because the sapphire substrate is an insulating material, not a semiconductor. This
property of the substrate reduces the power dissipation that commonly occursin
modern microprocessors when signals travel through wires that have
capacitances, which are parasitic components that not only degrade the signals
but also increase the power consumption of the system.

The new design is expected to significantly speed the movement of data between
el ectronic components across a single chip and from one chip to another for a
simple reason: "Without the parasitic capacitances, it's much faster to send
signals at the speed of light," says Alyssa Apsel, adoctoral student in the

Anderou lab who helped devel oped the system.

The Andreou team's microsystem is designed for a

chip that is much smaller than a human fingertip.
Photo by Jay VanRenssel aer

Andreou and Apsel wrote about the breakthrough in an article published in the
November 2001 issue of IEEE Circuits and Systems Magazine. Their co-authors
were Zaven K Kalayjian, aformer Johns Hopkins doctoral student; Phillippe O.
Pouliguen, a Johns Hopkins postdoctoral fellow; Ravi A. Athale, formerly of
George Mason University and now at the Defense Advanced Research Projects
Agency; George Simonis of the Army Research Laboratories; and Ron Reedy of
the Peregrine Semiconductor Corp. Also, in the Sept. 13, 2001, issue of the
journal Electronics Letters, Apsel and Andreou reported on this new design and
described a high-speed, very-low-power optical receiver that uses this new
technology.
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The project was supported by grants from the Army Research Laboratories and
the National Science Foundation.

Diagram, technical paper and images of Andreou and Apsel available; Contact
Phil Sheiderman.

Related Sites

Johns Hopkins Sensory Communication and Microsystems
L aboratory

Andreas Andreou's Web Page

Alyssa Apsel's Web Page

Johns Hopkins Department of Electrical and Computer
Engineering

To read atechnical article about the Andreou team's Optoel ectric
Microsystem, see Page 22 in thisissue of

|EEE Circuits and Systems Magazine

[requires Adobe Acrobat Reader]

Johns Hopkins University news releases can be found on the World Wide Web at
http://www.jhu.edu/news _info/news/

Information on automatic e-mail delivery of science and medical news releasesis
available at the same address.
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