Good norning |adies and gentl enen.

Today | want to talk to you about sonme of the exciting prograns we are
wor ki ng on in photonics in the Mcrosystens Technol ogy Ofice.

In nmany respects, photonics, which is the art and science of using
light, is not new More than 300 years ago, |saac Newton was already
working in the field. Everyday, we live our lives in a world that woul d
be hard to i magi ne without light. W see because of light; the plants
that sustain us draw energy fromlight.

When we tal k about photonics as a technol ogy, we are tal king about our
consci ous and deliberate effort to harness the power of light to
perform useful tasks for us.

More to the point, what we really want to do is focus our efforts into
creating technol ogi es for sensing, comunications, and processing.

When we use photonics for sensing, it is because we realize we can
extend our senses to see, snell, and hear. W can see clearer and
further with light; we can inprove our sense of snell by using
photoni cs; and we can hear things that our natural ears cannot. In
conmuni cati ons, we are using light in new ways to shuttle |arge vol umes
of information between distances as short as a few centineters, and as
| arge as across oceans.

Lastly, we are just beginning to harness the power of light for
processing and analyzing information. This is an area that has largely
remai ned outside of the capabilities of |ight because npbst of our needs
i n processing have been satisfactorily net by purely electronic
systens. But that is beginning to change, and we are now slowy, but
surely, incorporating photonics in information processing systens.

In a typical systemthat processes information, whether it is a
mlitary or civilian system there are distinct functional blocks into
whi ch the system can be broken. Right at the front-end of the systemis
a sensor: this sensor gathers the raw information fromthe environment;
the information is then passed on to the processor through a gateway.

The gateway controls the flow of information to the other parts of the
system such as the storage unit, or the pre-processing subsystem and
then to the processor itself.

The gateway al so channels the processed information to the display
subsystem and to the human interface.

Phot oni cs can significantly inpact the overall operation of any

i nformati on processing system Wat | want to do later on, is show how
several of our on-going efforts in photonics nmap onto the functiona

bl ocks of a typical information processing system | wll then

hi ghlight the difference the use of photonics nakes. But before | do
that, let nme revi ew where photonics has al ready nade a maj or

di fference.

Today, transport of |ong-haul data and voice traffic is al nost
exclusively carried over fiber-optic communication networks.



DARPA was there at the beginning of the revolution in fiber-optic
conmuni cation. It supported the devel opment of the optoel ectronic

t echnol ogi es necessary for the systens that are being depl oyed or have
been depl oyed. One effort that was particularly influential in the
devel opnent of sone of the key technol ogies in conmmuni cations, was the
Br oadband I nformati on Technol ogy (BIT) program This program supported
and gui ded the devel opnent of |ong wavel ength | asers and detectors for
transm ssion and reception of data at extrenely high data rates --- in
excess of 2-and-a-half billion bits per second per channel. Many of you
have heard of Wavel ength Division Miltiplexing, also known by the
acronym WOM The conponents of this technol ogy were devel oped under the
Br oadband I nformati on Technol ogy progrant. [And today on Wall Street,

st ockbrokers think that the acronym WOM neans Wt chi ng Di vi dends
Multiply.] | also want to add that the Broadband Information Technol ogy
program was the forerunner of the Next Generation Internet program
After the long haul cones the short haul, that is distances in the
range of 10's to 100's of neters. In this distance range, DARPA

devel oped fiber-optic |links based on vertical -cavity, surface-emtting
| aser arrays.

Wth linear |laser arrays, parallel links useful for optica

i nterconnections at this distance range begin to be cost-effective and
conpetitive. To further realize the benefits of optics at even shorter
di stances, we are now devel opi ng the necessary technologies in a
program cal l ed VLSI Photonics. The primary objective of this programis
to link high- performance chips with optics. The VLSI Photonics program
ains to nerge the superior signal transport properties of optics with

t he proven advantages of processing information in the electrica
domai n: what we want to do is perform nost of the conmputations in the
el ectrical donmmin, but conmunicate the results of the conputations to
where they are needed by using photons. The notivation for using optics
for interconnections is that the conmunication bandwidth is |arger and
i nformati on can be nore cost-effectively transported this way than it
can in the traditional electrical schene of using wres.

Let nme now tell you about our current prograns in the areas where
photonics is beginning to play a major role. In infrared sensing, we
are devel opi ng uncool ed sensors for imaging, night vision, target
acquisition, and nissile guidance.

These sensors are being developed in our Infrared Sensitive Materials
program

W have two other prograns in sensing: these are the Sol ar-blind A GaN
Sensors program and the Photonic Wavel ength and Spatial Signa
Processi ng program

In communi cati ons, we have the Radi o Frequency Lightwave Integrated
Circuits program there is also the Steered Agile Beans program

Two prograns fall under the rubric of processing --- and | use the word
processi ng here very | oosely.

The main progranms in the processing area are: the VLSl Photonics
program and the Photonic Analog to Digital Converter program VLS
Photonics is ainmed at solving the chip-to-chip interconnect bottleneck.
The Photonic Analog to Digital Converter programw || devel op



technol ogi es for achi eving dramati c advances in the conversion of
anal og signals to the digital domain for further processing; we want to
enhance the processing of raw radar signals. One of our goals is to
achi eve anal og-to-digital conversion rates in the range of 100's of
billions of sanples/second.

The program managers in our O fice who | ead the photonics effort are
Ray Bal cerak, Edgar Martinez, David Honey, Janes Murphy, and nysel f.
These gentlemen are all here today, and | hope you will get a chance to
talk with themand | earn nore about our prograns during the breaks or
during the sidebar sessions.

Let me show again the typical architecture of an information processing
systemin its functional blocks. Lets now see how our progranms nap onto
this architecture.

In the Photonic Analog to Digital Converter program one desirable goa
is to nove the anal og-to-digital conversion process as close as

possi ble to the sensor head itself. The maj or advantage of doing this
is sinpler overall systemarchitecture. This cones about fromreduced
conponent count for the radio frequency signal processing.

In the Photonic Analog to Digital Converter program we w |l devel op
the optical versions of the key el enents of an anal og-to-digital
converter: the first of these elenents is a precise, high-speed cl ock
whi ch can generate pulses that are |l ess than one trillionth of a
second; the second elenent is a very broadband sanpler; and the third
is a fast, high-resolution sanple quantizer. The photonic clocks we are
wor ki ng on are based on node-I| ocked sem conductor |asers and conpact
solid-state lasers which punp fiber-ring | asers; the sanplers we are
wor ki ng on are variants of a Mach-Zender interferoneter.

W are al so | ooking into fast photodetectors for the front-end of the
qgquanti zer. These detectors must be linear, and should exhibit high
dynani ¢ range.

| want to talk briefly about our VLSI Photonics program--- this
program straddl es the areas of processing and comunications. Here, we
are interested in devel opi ng | ow power, oxide-confined vertical-cavity
surface-emtting |aser arrays for chip-to-chip, board-to-board, and
back- pl ane optical interconnects.

W are al so devel oping technol ogies for fast, parallel access for |evel
two nmenory. The broad objective of this programis to provide high
bandwi dt h optical connectivity for electronic systenms in the distance
range between 1 to 10 centineters.

Lets see where the technol ogi es devel oped in the VLSl Photonics program
woul d be useful. Consider this inmage of sone |and area of interest.

Suppose that the total area is about 10,000 square mles. If you wanted
to see objects in this picture and be able to estimate their size to an
accuracy of a foot, you would need to generate about 3 trillion bits
(Tbs) of information. And this is being conservative --- | have assuned
that we digitize at 10 bits/pixel/color, and that the image is in

bl ack-and- white. If the picture were in color, it would generate even
nore bits.



Pictures like this can be acquired by an airborne synthetic aperture
radar system

To identify and classify the objects in the inage, we would nost likely
use an array of processors working on different parts of the inage in
paral l el . Since vast amounts of information nust be passed back-and-
forth between and anbng the processors, wire interconnects between the
processors would not be the best way to do this because of their
limted capacity and speed.

VWhat we really want to use is large capacity optical interconnects;
this woul d speed the process.

And as a side benefit we would consune | ess power; and if we really
designed the systemright, it would also be smaller and |ighter

Now we come to the Radi o Frequency Lightwave Integrated Circuits
pr ogr am

In this programwe will devel op a broad range of technol ogies that can
be used to assist in the transport and processi ng of anal og radio
frequency signals.

The technol ogi es devel oped under this programw || benefit the
managenent of signals fromsensors (such as radi o antennas) that are
| ocated near or renote fromthe processor itself.

To be specific, what we want to do in this programis to extend the
techni ques that are now used to transnmt and process audi o anal og
signals in the radi o frequency range to the optical donain

In this way, we will be able to transnit and process the entire radio
frequency spectrumin the |ightwave frequency donain.

The main reason for wanting to do this is to achieve very broadband
radi o frequency signal handling froma few mllion cycles per second
(MHz) to over several hundred billion cycles per second (GHz). And, we
want to do this in a single photonic signal-processing nodul e. Wirking
in the optical domain will allow us to take advantage of new photonics
technol ogi es that are very conpact, consune very | ow power, and have
the potential to allow the realization of conplex signal processing
applications.

This chart illustrates some of the goals of the Radi o Frequency
Li ghtwave Integrated Circuits program

It highlights the advantages in link gain and noise figure that can be
realized when we use photoni cs.

Wth the technol ogi es devel oped in this program we expect to be able
to realize links with gains fromabout 0 to +20* dB. This will be a
substantial inmprovenent over what is possible with current

t echnol ogi es.

Sonme of the technol ogies we will devel op include advanced |ight sources
conpati ble with new generation, low loss fibers; we will also devel op



optical nodulators that require extrenely |low voltages (less than 1
volt); and special photodetectors that can handl e high optical powers.

And by the way, there are many applications that would be enabled with
si gnal processing based on the technol ogy of Radi o Frequency Lightwave
Integrated Circuits. Perhaps the nost obvious and inportant comerci al

applications are the distribution and renoting of w reless antennas for
cell phones, and the distribution of cable TV service to hones.

We have three progranms that are specifically for devel opi ng new sensor
technol ogi es; these are the Photonic Wavel ength and Spatial Signa
Processi ng program the Uncooled Infrared I nmagi ng program and the
Steered Agile Beans program |n each of these programs, the sensor
nmodul e and the pre-processing functionality are co-located within the
sensor-head itself to give the sensor nore capabilities.

In the Photonic Wavel ength and Spatial Signal Processing program we
wi || devel op technol ogi es and new architectural concepts for advanced
mul ti-spectral and hyper-spectral imaging.

The nodules in this programw || be tailored for nulti-donain
functionality. They will enable the design of systens that allow vision
where it is otherwi se not possible, and chenical species
identification, where it is normally difficult. The paradigmshift in
this programis that the new sensor systens will exhibit,

si mul t aneously, high resolution in the spatial and spectral domains.
These are extrenely useful attributes for detection, classification

and identification.

In the Advanced Uncool ed I nfrared Sensor program we are working on
sensors that can operate without cryogenic cooling. There are sone very
goods reasons why one would want to use uncool ed sensors; | will get to
t hese shortly.

The uncool ed sensors we are working on are based on m cronachi ned

bol ometers. The performance of these sensors is not yet where we want
it to be; but we are inproving. Just a few nmonths, we broke the 100 nK
sensitivity barrier.

We continue to strive to understand the fundanental thernmal noise
limtations of these sensors; we are also inproving the nmaterials out
of which the sensors are made. The bottomline is that we believe we
can achi eve performance as good as the cool ed sensors.

Now | want to briefly nention sonme of the reasons why uncool ed sensors
are so desirable. First, as you can see fromthe i mage on the screen
there is a reduction in size of anywhere from about 10 to 100 ti nes.
Second, there is reduction in the power required to operate the
sensors, and finally, there is an inherent cost reduction associated
with the sinplified packagi ng, and of course because of the elimnnation
of cooling devices.

The | ast of our new programs in sensing and comruni cations is the
Steered Agile Beans program This programw Il focus on devel opi ng
technol ogi es for beam steering for applications in infrared

count erneasures. One of things we would like to do is to devel op chi p-
scal e technol ogies for target acquisition in ranges of up to 3 kn1 we



are al so working on transceivers for covert optical data conmunications
in all-weather conditions. The enphasis on the programis to devel op
conponents that will enable the design of compact, |ow power systens.

Finally, | hope | have given you a sense of what we are doing in
photonics in the areas of sensing, communications, and processing. It
shoul d now be obvious that photonics offers sone uni que perfornmance
advantages in information systenms. These advantages woul d be mssed if
only purely electronic systens are depl oyed. Mst of you already know
t hat photoni cs has been playing an inportant role in storage and
conmuni cations. You only have to think of your pc with its optical CD
ROM and of your |ong- distance phone systemto realize this. | hope
this presentation has expanded your view of what other things photonics
can do. You can learn nore about the details of our efforts in this
exciting area fromthe other program nmanagers who are there today.

| ook forward to interacting with some of you. Thank you very much for
your attention, |adies and gentlenen.



