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A Pure Laser for Clean Communications

Fiber optics, the technology of sending
messages by light pulses in tiny glass fi-
bers, is now beginning to be used in sev-
eral of the world’s telephone systems, par-
ticularly the American system. But the
technology that is now the latest thing is
already being superseded in the labora-
tory. In this business the shadow of the fu-
ture moves forward rapidly.

First there was the development of
monomode fibers, fibers engineered to
transmit a single vibrational mode — that
is, a single ray configuration—of the light.
These are expected to supersede the cur-
rently used multimode fibers that transmit
several rays. To go with them Bell Tele-
phone Laboratories now announces de-
velopment of a tiny solid-state laser that
produces ultrapure single-frequency light.
The new laser is also tunable: it will pro-
duce light with a very pure frequency at
several points on the spectrum.

The present fiber-optic technology, with
multimode fibers and somewhat impure
lasers and light-emitting diodes can send
signals unboosted (or unrepeated) over
longer distances than the traditional tech-
nology of electric waves in copper wires
and do it with very low error rates. If the
combination of monomode fibers and
pure frequency lasers can be made to
work in the field, it promises even longer
unrepeated transmissions at very high in-
formation rates with virtually no errors.
Low error rates are extremely important
to conversations between computers,
which are a fast-growing part of present
telephonic traffic.

Ordinary lasers emit a certain spread of
frequencies. In principle all the atoms of a
lasing substance ought to emit a precise
frequency. In real life the atoms are never
exactly still. For various reasons they are
all slightly in motion, and so the emissions
all have slight Doppler shifts and are a lit-
tle off the frequency they would emit if
they were all at rest. What comes out is a
spread of frequencies. The mirrored cav-
ity, in which the lasing material lies, and
which sets up the conditions for amplifica-
tion and coherence, can also accommo-
date part of this spread, and so the laser as
a whole emits a spread of frequencies.

The new development, called a cleaved
coupled-cavity laser (c*), is an application
of the coupled-cavity idea that Bell Labs
patented in 1965. Which of the emitted fre-
quencies a given cavity will amplify de-
pends to some extent on its length. If two
cavities of slightly different length can be
coupled optically so that the light has to
go through both of them, a situation can be
engineered in which each cavity suppres-
ses the other’s permitted range except for
a single frequency common to both of
them.
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This is what the c?, invented by Won-
Tien Tsang of Bell Labs, does. It is a
semiconductor laser that has been pre-
cisely cut in two and then rejoined along
the cleaved surface. The two cavities are
optically coupled but electronically iso-
lated from one another. The optical
properties of the material can be changed
by changing the electric current applied to
it. So by independently varying the cur-
rents applied to the two pieces, their opti-
cal properties can be manipulated to
change the single frequency they will
jointly amplify. Thus the c® can be tuned
from one ultrapure frequency to another.
The whole thing is about half the size of a
digit in the date inscribed on a United
States one-cent piece.

The ¢ laser was designed to emit at the
frequencies to which the fibers are most
transparent, around 1.5 microns in the in-
frared. It was used with a monomode fiber
for the longest unrepeated fiber-optic
transmission yet recorded, 119 kilometers.
That fiber was in a cable designed for
undersea use that had been tested (with
another laser) on the bottom of the Atlan-
tic (SN: 3/12/83, p. 166). The c*s charac-
teristics could not be described at that
time because the journal in which they
were to be published, ApPLIED PHYSICS
LETTERS, imposes an embargo on prepub-
lication publicity. The c? is described in its
April 15 issue.

The c? laser can switch rapidly among
its frequencies. It has been tested over ten
frequencies at a switching rate of a billion
times a second. By using such switching in
predetermined patterns, several messages
can be encoded on a single beam of light, a
technique called frequency shift keying.
Or several of these lasers emitting at dif-
ferent frequencies can supply carrier
waves for different messages sent in the
same fiber, a technique called wavelength
division multiplexing. Both techniques in-
crease the amount of information that can
be sent in one fiber.

Sending as much information as
possible fast and error free is the goal. In
the multimode fibers pulses have a certain
tendency to tread on each other and gar-
ble things. With pure frequencies in
monomode fiber there is much less of that.
Arno Penzias, Bell Labs’ vice president of
research, points out that the error rate for
the 119-km record transmission was one in
a billion bits of information. At the trans-
mission rate of 420 million bits per second
that they used, he says, the entire text of a
30-volume encyclopedia could be sent in
one second with only one error —that is
the equivalent of a letter somewhere in the
30 volumes being upper case when it

should have been lower case.
—D. E. Thomsen
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Top:Won-Tien Tsang of Bell Labs, inventor of
the cleaved coupled-cavity laser, tests the
device, which can be tuned to emit a range
of ultrapure frequencies.

Below: c® on a penny.
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