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Experiments on field-effect control of the high mo-
bility two-dimensional electron gas at a GaAs/n-
AlxGaj-xAs heterointerface were reported. A new
field-effect transistor, called a high electron mobil-
ity transistor, was demonstrated. [The SC!® indi-
cates that this paper has been cited in more than
280 publications.]
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In 1977, my primary intention when | started a
research program on GaAs MOSFETs at Fujitsu
Laboratories Ltd., Kawasaki, Japan, was to con-
firm electron accumulation at the interface be-
tween pure GaAs and oxide. Despite our effort,
the high density of interface states in the MOS
system prevented us from observing this elec-
tron accumulation.

In the spring of 1979, the work of R. Dingle
and others was brought to my attention. They
reported a superlattice structure consisting of
alternating thin layers of undoped GaAs and
n-type AlGaAs, emphasizing the mobility en-
hancement for electrons confined in the poten-
tial wells of undoped pure GaAs layers.!

What impressed me about their work was not
so much their objective to observe mobility en-
hancement but the fact that electrons accumu-
lated in pure GaAs layers. This accumulation
was made possible by the low density of inter-
face states in the GaAs-AlGaAs heterointerface.
1 had not reached the stage, however, of consid-
ering practical uses for the superlattices. This
was probably due to my complete concentration
on GaAs MOS research and preoccupation with
preparing a GaAs MOSFET manuscript?2 for the
37th Device Research Conference, June 1979.

At the conference, however, it occurred to me
that a practical device might be made by modu-
lating the two-dimensional electron gas (2DEG)
accumulated at the pure GaAs side of the
heterointerface. Within weeks, | had invented a
type of field effect transistor. The patent applica-
tion was filed on 28 December 1979 and a pat-
ent issued on 8 September 1987.3

The impdrtant concept leading to the inven-
tion is the interaction between the surface and
interface depletion regions depleting the entire
n-type AlGaAs layer. This enables the
barrier gate on the AlGaAs surface to modulate
the 2DEG.

1 explained my idea to a colleague who was
working on metalorganic chemical vapor depo-
sition (MOCVD). He reasoned, however, that
the structure | proposed was beyond state-of-
the-art MOCVD at that time and declined to
cooperate in growing heterostructures. | then
introduced the idea to a coauthors’ group, 7 Au-
gust 1979, and obtained their cooperation in
performing molecular beam epitaxy—the same
growth technique used by Dingle. After some
trial work, we succeeded in field-effect modula-
tion of the 2DEG at the end of December
1979—the birth of what today is called the high
electron mobility transistor (HEMT).

Since our demonstration of the HEMT, world-
wide efforts to develop high-speed semiconduc-
tor circuits for supercomputers and low-noise
amplifiers for satellite broadcasting and radio
telescope systems# have been started. In addi-
tion to the technically significant device aspects,
its potential application to basic science has
proved significant—the quantized Hall effect
was observed at lower magnetic fields5 than
those in silicon MOSFETs.6 | was deeply honored
to receive the Prize of the Minister of Science
and Technology in Japan for the invention of the
HEMT (1981) and to share the IEEE Morris N.
Liebmann Memorial Award with S. Hiyamizu,
one of my coauthors, for the demonstration of
the HEMT (1990).
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