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Abstract of the Laureate Lecture

Dr. Izuo Hayashi

Succeeding in CW Oscillation of Semiconductor Lasers and

Overcoming the Difficulties in Realization of Its Practical Usage

John Galt of Bell Labs had anticipated that
continuous operation of semiconductor lasers at
room temperature would have an epoch-making
impact on communications technology. In 1966,
Dr. Morton B. Panish and I joined his research
team, where Dr. Panish was responsible for the
crystal growth and I the evaluation of devices.
While we were groping our way towards our
goal, we coincidently discovered that the junc-
tion of GaAs and AlGaAs forms an ideal
heterostructure in November 1967. By damming
the outflow of electrons from the GaAs active
layer with the heterostructure, the threshold at
room temperature was reduced significantly to
10 KA/cm® in December 1968. However, since
we found it difficult to reduce the threshold
further with that structure, we needed another
AlGaAs on the n side. As it was difficult to
develop such a three-layered structure via a
conventional

method, Dr.

growth method called Tipping
Panish came up with a new
method called multi-layered growth boat. Still, it
was not easy to produce a suitable double het-
erostructure. Stimulated by a visit by Dr.
Zhores Alferov, who was at that time working
on a similar double heterostructure, we redou-
bled our efforts, which resulted in a gradual
increase in the threshold temperature. In June
1970, we finally achieved continuous operation
at room temperature.

Returning home in 1971, I began my research

for practical uses of semiconductor lasers,
only to find that there existed a major barrier.
What with low reproducibility and yield, and a
short operating life (on the order of minutes),
which is quite exceptional for a semiconductor
device, I didn’t know which direction I should
take, and felt as if “we had got lost in a jun-
gle.”

Younger researchers found a dark line in a
deteriorated laser crystal, which was attributed
to the existence of some dislocation in the crys-
tal. This discovery led to the extension of the
operating life, culminating at several thousands
of hours in 1973. This was achieved chiefly by
reducing the dislocation within the laser crystals.
Several years later, some had an operating life
long enough to be applied to communications.
Besides the question of lifespan, there were
many other problems to be solved before the
technology could be put into practical use, such
as oscillating output and stability of the
spectrum. One phenomenon that was observed
commonly at every company was a bending of
the current-optical output. Following the most
heated discussion at a symposium, it was
resolved to be an unstable phenomenon existing
in a light waveguide in the stripe structure.
Thanks to this progress in the improvement of
laser characteristics, Japanese laser technology
has made significant progress, finding its way

throughout global markets.
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