readily emit or absorb light when electrons
excited into a higher energy band recombine
with positively charged “holes” in the resting
energy band. That’s why these semiconduc-
tors can be made into light-emitting diodes,
semiconductor lasers, and light detectors.
But light can’t be channeled from one device
to another on the same chip without some
confining mechanism, and that’s where the
waveguides come in.

One way to create waveguides is to place
masks over the crystal and expose it to a
plasma, etching deep canyons into the un-
masked regions. The canyon walls, like the
edges of polished sheets of glass, act as mir-
rors when photons strike them at glancing
angles, trapping light within the “plateaus”
on either side. But Larry Coldren, head of the
Optoelectronics Technology Center at the
University of California, Santa Barbara,
notes that “it’s difficult to get the sidewalls
very smooth.” As a result, says Krames, “scat-
tering losses [of the light] can start to kill
you.” What'’s more, the etching process can
disturb the entire QWH, making it difficult
to etch high-quality waveguides on the same
chip with light-emitting or detecting devices.

Krames and his colleagues, however,
knew of another way to alter the optical
properties of aluminum-gallium-arsenide:
converting it to a hard, durable oxide mate-
rial discovered by Holonyak and John
Dallesasse in 1990. This oxide has a much
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Map of the future? Oxide waveguides thread
a gallium arsenide—based chip.

lower refractive index than the original
semiconductor, and the researchers reasoned
that light would be confined to the unaltered
semiconductor between oxide regions. To
create the oxide waveguides, the group first
masked the crystals, then heated them in a
humid atmosphere. In the areas left bare by
the mask, oxygen from the water vapor re-
acted with the aluminum, producing a “deep
oxide” layer that grew into the crystal.

One challenge awaited the researchers at
the center of the QWH, where the lack of
aluminum held up the reaction. To get
around this problem, the researchers had to
smear out the QWH’s layers, jumbling
aluminum atoms into the center of the well,
by diffusing silicon through the structure.
Once that hurdle was overcome, the re-
searchers succeeded in producing deep re-

gions of low refractive index, in a process far
gentler than etching.

The waveguides bounded by the oxide
regions also turned out to leak far less light
than etched structures “that you can actu-
ally make [an optoelectronic] device out of,”
says DeTemple, in part because of the lower
scattering losses. When the researchers test-
ed the waveguides’ ability to carry light
around bends, he says, they measured losses
an order of magnitude lower than seen in
earlier waveguides in QWHs. “The curves
are as short as you’re going to see” in an
optoelectronic circuit, says DeTemple. “It
looks wonderful.”

Still, even DeTemple cautions that prom-
ising advances in this field have had a way of
fizzling out. Next, the researchers plan to see
whether the waveguides work as well when
incorporated into integrated circuits. The
group will also have to move beyond the
shorter wavelengths studied so far to the in-
frared light used in telecommunications.

But Krames, DeTemple, and the rest of
their group have a powerful spur to their ef-
forts: other researchers’ fervent hopes that
they will succeed. “For me, this business of
turning a corner is absolutely essential,” says
Harry Jordan, aresearcher in optical comput-
ing at the University of Colorado, Boulder.
“If somebody can figure out how to do that,”
he says, “I can design the chip.”

—James Glanz

Masters and Slaves in an Iron Age Cave?

PARIS—Death is often described as the
great equalizer—but the same can’t be said of
burial. The rich spend eternity in cushy mau-
soleums, while the poor elbow each other for
space in common graves. And that social
distinction isn’t new. Nearly 2800 years ago
in southern France, 22 people apparently re-
ceived radically unequal treatment in death,
which could help archaeologists understand
the origins of social stratification and urban
development in this region.

Early this year, explorers and scientists
discovered two groups of almost perfectly
preserved human skeletons in a cave near
the village of Boussac, in the department of
Lot. Nineteen of them had gone unadorned
to their burials. But three others, appar-
ently interred at the same time in a nearby
chamber, were outfitted with jewelry, tools,
and weapons.

Such “sharp status differences ... could be
really interesting,” says University of Minne-
sota archaeologist Peter Wells, possibly indi-
cating that the 19 unadorned bodies were ser-
vants or slaves of the other three more “aris-
tocratic” individuals. Almost nothing is known
about the structure of the societies that ex-
isted during this period—the early Iron Age—
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in the-Western Mediterranean area. And
that makes the cave extremely important,
says Michel Vidal, the French archaeology
service’s conservator for the Midi-Pyrenées
region and leader of the research team. So

Aristocratic afterlife? Some skeletons from an Iron Age
cave in France had an unadorned burial (above), while others
were outfitted for eternity with jewelry and tools (right).

important that, although it was discovered in
February, the French government kept the
cave’s existence secret until late April, when
the site could be properly secured.

Vidal says that the details of the imple-
ments found with the smaller group of skel-
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etons—an iron lance and knife, iron brace-
lets, and a bronze torque (neck ring)—are
typical of the 7th or early 8th century B.C.
This would correspond to the early Iron Age
societies in temperate Europe known collec-
tively as the Halstatt culture (named for an
archaeological site in central Austria),

which flourished from the 8th century to the
5th century B.C. The Halstatt connection
makes the Boussac discovery “very particu-
lar,” says Vidal, because cave burials are ex-
tremely rare during the Halstatt period.
Wells agrees that “cave burials are very un-

w
«
S5
=
3
3
o
w
o
>
T
=
@2
£
=
=
Q
z
wd
o
w
>
o
8
=
(o]
I
o




usual. ... In this period there are hundreds of
known cemeteries, but they are all out there
in the landscape.”

Moreover, most Iron Age graves con-
sisted of burial mounds sheltering only one
individual. But not at Boussac—the two groups
appear to have been chosen for a single sub-
terranean burial. So not only were there ap-
parent status differences between the two
groups, but also between all the buried people
and the rest of society. The big question, says
Wells, “is why did these individuals get this
unusual burial? Is there a social status differ-
ence or ritual religious difference between
[different] groups in society?” Richard Osgood
of the Institute of Archaeology at Oxford
University draws an analogy to burials of “the
Zulu chiefs of the 19th century. ... Once the
chiefs died, their entire entourage was killed
and buried with them.” Although it’s sheer
speculation, he says, a similar relationship
could be behind the Boussac interments.

If scientists could determine the family
relationships between the individuals in the
cave, they might be able to bolster some of
these theories or rule them out. To get a
handle on genetic relations, Vidal’s group of
regional archaeologists is teaming up with
anthropologists at the University of Bor-
deaux to extract DNA from the skeletons.
They also plan to examine arm, shoulder,
and other bones for marks made where
muscles were attached. The severity of such
marks can reveal whether or not the people
were habitually engaged in hard labor. Ac-
tivity differences might, for instance, provide
support for the servant hypothesis. And arti-
facts on the cave floor near the burials might
yield clues about lifestyle.

Archaeologists have been hunting for
evidence of social complexity in this region
for some time, says Wells. Although the first
urban centers, complete with divisions of la-
bor and status among the population, emerged
in the Near East during the Bronze Age,
about 3500 B.C., the rise of towns in temper-
ate Europe is thought to be an independent
development, which begins to show up in the
archaeological record at about 600 B.C.
“These finds [at Boussac] from a century or
two before,” Wells says, “might tell us some-
thing about the process of social and eco-
nomic change leading to the formation of
these more complex communities.”

The first step will be radiocarbon dating
of the two groups of skeletons, as well as
other organic material—such as bits of
wood—that may eventually be found, to
confirm that they were buried simulta-
neously. Vidal expects these tests, the DNA
work, and the other studies to be completed
later this year. If they do support the notion
of social distance between the adorned and
unadorned bodies, it would be a discovery to
ornament any archaeologist’s career.

—Michael Balter

RESEARCH NEWS
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Princeton Mathematician
Looks Back on Fermat Proof

Its official: Fermat’s Last Theorem has been
proved. Less than 2 years after the first an-
nouncement of a proof, and within 7 months
of the release of a revised manuscript correct-
ing a mistake in the original, Princeton Uni-
versity mathematician Andrew Wiles’s solu-
tion of the famous 350-year-old problem has
passed scholarly muster and is slated to ap-
pear in the May issue of Annals of Mathemat-
ics. The impending publication was cel-
ebrated at a special presentation at
Princeton last week, where Wiles
gave a personal account of his 7-year
pursuit of a childhood dream.

It was a tortuous journey toward a
goal that sounds deceptively simple:
Proving that the equation x + y" = 2"
has no solutions in positive integers
x, ¥, and z if the exponent n is greater
than 2. The French mathematician
Pierre de Fermat made this claim in
the late 1630s in the margin of a
mathematics text, tantalizing future
generations of mathematicians by
noting (in Latin) that he had “a re-
markable proof which the margin is
too small to contain.” Recalled Wiles, “I
spent some of my childhood trying to solve it
on the assumption that Fermat had had a
solution and ... I didn’t know too much less
than he would have known.”

In fact, the proof took far more than
Fermat could have known, but the final
version still fits his comment to a tee. It is
both remarkable and larger than a margin
could contain, occupying an entire issue of
the Annals, which is doubling its normal
print run for what is sure to be a collector’s
item. The proof consists of two papers. The
first is substantially the theory offered by
Wiles in 1993. The second, written with
Richard Taylor of Cambridge University
(a former Wiles student), corrects—or
rather circumvents—the notorious “gap”
experts identified near the end of Wiles’s
original argument.

Even with the gap, Wiles’s original expo-
sition had qualified as an important and pow-
erful contribution to number theory, but this
time there’s little doubt he has completed
the proof. Because of their historic signifi-
cance, the two papers have been through an
unusually thorough review. One reviewer
reportedly went so far as to double-check
some of the work by other people on which
Wiles’s proof depends.

The significance of the feat isn’t just his-
torical, though. When the young Wiles was
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beguiled by Fermat’s Last Theorem, it was
widely seen as a mathematical curiosity. Wiles
himself eventually put it aside to pursue more
mainstream mathematics. But in 1986, Ken
Ribet at the University of California, Berke-
ley, proved that Fermat’s Last Theorem actu-
ally was part of mainstream mathematics.
“What Ribet [did] was to link Fermat’s Last
Theorem with a problem in mathematics
that would never go away,” Wiles explained.

Andrew Wiles reviews his 7-year struggle.

The newer problem, known as the Tani-
yama-Shimura conjecture, is an assertion
about objects in number theory known as
elliptic curves—the solutions to particular
classes of equations. Since it was formulated
in the 1960s, number theorists had struggled
to make any progress in proving the conjec-
ture. When Ribet linked it to Fermat’s Last
Theorem—still unproven after 350 years—
many mathematicians saw confirmation of
their fears that the conjecture was pro-
foundly difficult. But not Wiles, who saw a
“wonderful excuse” to return to his boyhood
dream. He set out to prove the Taniyama-
Shimura conjecture for the class of elliptic
curves linked to Fermat’s Last Theorem.

“He [Ribet] had finally given me the ex-
cuse to put my professional expertise to work
against my childhood passion,” Wiles recalled.
“Immediately when I heard about it in the
summer of ‘86, | knew I would never let it go.”

Even so, Wiles said, “I started without any
idea how to proceed.” He likens the experi-
ence to “entering a darkened mansion. You
enter a room, and you stumble months, even
years, bumping into the furniture. Slowly you
learn where all the pieces of furniture are,
and you're looking for the light switch. You
turn it on, and the whole room is illumi-
nated. Then you go on to the next room and
repeat the process.”

The project would have been discourag-
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