Wity would ke to ko i why the

appear at random locations
‘o what et they have on the unt
formity of the crystal layers.

“Nobody knows how cular-
b epiary acually ovcurs, v the
layers of  arsenic combine,”

derves o o Hayashl, directr of he
of the inventors of the
seniconductor laser, He beleves that
Mnm elighiy onfioed amm suchas
nm» Fabncmed mearchers o
tanding of what hap-
ens onan atomnic evel during epitax:
 growth and etchi
uantum wires and

gtorsar rying the same techniques
ey use for making quantum wels,
g e comnin s o dotis
sqtcantly smaller than 3 auantum
beding & mateial i Jos
ﬂnn\igl: the crystal lattice.
As 8 reul,researchers are looking
frote appros her than just
[etching lhmugh the semicon-
mxmr] e peed o make of sor
dency ofthe materal,* Har
Yl oy, i team would like 5 con-
trol the ediges of atomic layers as the

<o and thircolleaes at the Univer-
sity of California at Santa Barbara, for
instance, grow quantum wires in an
MBE by Stacking elements, one atom-
clayer at a time, on terraced stej

be made
into quantum wires. It nonetheless re-
tnbiioy yrecskn, Mooe =
tried continuously
e it ach o .
erisallowed to grow on the surface so
that the resulting layers snake back

QuANTUM DOT

and forth rather than lining up in
straigh o iled stipe.n this serper
tine superlattice,” the q

e formed at he be Bt e o,
esult

then de-
and-gap material in
Xapor's team has
even built lasers from one to three
iR dvt o
light when powered with only .65 mil-
p at room temperature, an ex-
tremely low laser threshold.
At the University of Stuttgart, n E

the vering
them mm  somconucior ycl -
ing osition technique
(allrd 4 merallorganie epes phm
(OVPE),

s, investigators contine
to debate whether these techniqu

ones—have yielded the
f electron energies

‘The larger the devices, the smaller the
energy splittings, and the harder to say
conclusively: this is a quantum wire.

‘The Zero Zone

At the end of the quantum rainbow
are quantum dots. These are often
alled artifcal atoms, even though the
particles may consit of thousands oe

of atoms. Con-
.-mxmm should
vels. It should
be possble therefore, t dial up pre-
cise energy levels by adjusting the con-
struction of the quantum box and by
Vrying the appiid voltage.

o 0n the cdge n[ cumrn]  Toloyo, amid
eeds and

ity o park o part

of the University of Tokyo. In a mod-

oratory slip off their shoes and don
plastic sandals. But there is another rea-
sonforchanging footwear; around the
Arakawa's sp:

nin equipment for bulding
s deices

Arakawa and his mentor
mmmn oo proposed the concept
of quantum boxes, or dots. They have

Kash, a researcher at l‘.tl.\cure Stating

that 2 dot *works® guarantees con
troversy. And 1 dot on its own
15 not particlary useful. Investigators

lections of s s hen 0 otegrate
them o dev

emits, hm\'ﬂsr. have had extra-
mdman s uantum
T hough not ones yét sultable
o deicen o s o e at Bel Labs,
Michael L. Steigerwald keeps a collec
ton of small vials. Each Is lled with
2 vividly colored powder—yellow, o
ange, red, black. *They're all cadmium
selenide,” he says, vicn ik
= huld: different-size cluster
‘quantum dots-—of cadmium

o vlands o,
The different-size clusters have un-
usual physical properties, such as in
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