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Professor Stephan von Molnar (Figs. 1 and 2), known for
his groundbreaking work on magnetic semiconductors and
spintronics, passed away peacefully on 17 November 2020 in
Tallahassee, Florida, USA.

Stephan was born in Leipzig, eastern Germany in 1935.
After a tumultuous childhood through World War Il, he immig-
rated to the United States in 1947. He received his Ph.D. at Uni-
versity of California, Riverside in 1965. He then joined the IBM
T.J. Watson Research Center as a Research Staff, and later
held positions as manager and senior manager. Upon arriv-
ing at IBM, he commenced a highly influential and consequen-
tial study of magnetic semiconductors, which would last for
nearly six decades. The effort was broadly motivated by the
goal of combining magnetism with semiconductors, the two
fundamental pillars of IBM’s business interests in magnetic in-
formation storage and semiconductor electronics. The re-
search foreshadowed the emergence of the field of spin-
based electronics, long before the word “spintronics” was mint-
ed in 1990s. In 1994, he joined the Florida State University
(FSU). In addition to leading a research group focusing on
spin related physics and bionanotechnology, he served as
the director of the Center for Materials Research and Techno-
logy (MARTECH) for nearly 14 years. Stephan was a Distin-
guished Research Professor of FSU, a fellow of the Ameri-
can Physical Society, and a recipient of the Alexander von
Humboldt Senior U.S. Scientist Award. In early 2000s, he
chaired a panel sponsored by several US government agen-
cies, which surveyed the worldwide research efforts in spin-
tronics and provided important guidance in its subsequent de-
velopment.

Beginning with his Ph.D. work on the magnetic reson-
ance studies of EuS, a model system for the first generation
of magnetic semiconductors, Stephan was intimately in-
volved in the investigation of all three generations of magnet-
ic semiconductors. He contributed to the inception of the
field and heralded its spectacular growth and development in-
to the mainstream of materials science and condensed mat-
ter physics. His work resulted in 170 scientific papers and
garnered at least 24 000 citations. Many of Stephan’s semin-
al contributions to the field of magnetic semiconductors
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have found far-reaching impact in other areas; it is informat-
ive to briefly review a few of them here:

(1) Magnetic tunnel junction. In 1967, working with
Phil Stiles and Leo Esaki, Stephan fabricated metal/EuSe hetero-
structures by thin film deposition method. Deftly utilizing the
spin-splitting of the Schottky barrier height as the magnetic
semiconductor EuSe enters the ferromagnetic state, they
demonstrated that decreasing temperature or applying a mag-
netic field could greatly modify the field emission current
(Fowler-Nordheim tunneling). This was widely regarded as
the first conceptual demonstration of a spintronic device, for
the realization of spin-polarized tunneling current and the con-
trol of the charge current by way of the magnetic state of the
semiconductor.

(2) Giant negative magnetoresistance. In 1967, in trans-
port measurements of Gd-doped magnetic semiconductor
EuSe, Stephan and coworkers observed an apparent metal-
insulator phase transition around the Curie temperature.
Around the Curie temperature, the resistance of the sample
could be reduced by more than 10 000-fold by applying a mag-

Fig. 1. Prof. Stephan von Molnar.
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netic field of 1 Tesla. Stephan coined the term “giant negat-
ive magnetoresistance” to describe the enormous changes of
resistance by a magnetic field. In 1993, a similar negative mag-
netoresistance associated with a magnetic phase transition
was observed in mixed-valence manganites by a group in Ger-
many; this observation in the manganites was named “co-
lossal magnetoresistance”, which attracted the intense focus
of the condensed matter and materials physics community
for more than a decade.

(3) Magnetic polaron. Motivated by the observation of
the giant negative magnetoresistance in Gd-doped EuSe,
Stephan and Tadao Kasuya proposed the concept of magnet-
ic polaron and used it to explain the transport properties of
EuSe and several other first-generation magnetic semiconduct-
ors. In 1987, Stephan, in collaboration with David Awschalom,
studied a second generation magnetic semiconductor,
(Cd,Mn)Te, by optical excitation combined with magnetic
measurement, and obtained direct evidence for the exist-
ence of localized magnetic polarons. It was a strong convic-
tion by Stephan that magnetic polarons are in fact ubiquit-
ous in a broad variety of magnetic materials and could be a
microscopic driver for electronic phase separation and percol-
ative phase transitions.

(4) Magnetic field-driven metal-insulator transition.
In 1979, the landmark scaling theory of localization by the
“Gang of Four” predicted that the conductivity of a three-
dimensional system would change continuously to zero in
the metal-insulator transition. This was in direct contradic-
tion with the conductivity jump predicted by Sir Nevill Mott.
Although several experiments appeared to support the scal-
ing theory, the influence of electron-electron interaction
could not be excluded. In 1983, Stephan, with Jacques Flou-
quet, examined the metal-insulator transition in the mag-
netic semiconductor Gds_,v,S, (v = vacancy), in which the in-
teraction effect is negligible; moreover, the material choice
enabled the use of magnetic field as a continuous tuning
parameter to drive the transition. They observed that with
decreasing field, the conductivity decreases continuously
in the metallic state to zero in the insulating state. This
experiment provided unambiguous support to the scaling
theory.

(5) 1I-V diluted magnetic semiconductors. In 1989,
Stephan, with Hiro Munekata, Hideo Ohno and other col-
leagues at IBM, embarked on an effort to produce IlI-V ba-
sed magnetic semiconductors via transition metal doping
by molecular-beam epitaxy (MBE), in the hope of signific-
antly raising their Curie temperatures. In 1992, they suc-
ceeded in fabricating ferromagnetic (In,Mn)As, and con-
firmed that the ferromagnetism originates from uniform Mn
substitution of Ga. These efforts sowed the seeds for the suc-
cessful growth of ferromagnetic (Ga,Mn)As by low-temperat-
ure MBE method in 1996 and further increase of its Curie tem-
perature to 110 K shortly after by the Ohno group in Japan.
As a canonical member of the third-generation magnetic semi-
conductors, (Ga,Mn)As triggered a global research boom of
magnetic semiconductors. Stephan maintained a keen in-
terest in these activities; a collaborative effort with two of us
(JHZ and PX) raised the Curie temperature of (Ga,Mn)As to a re-
cord 200 K.

Stephan joined the physics faculty of Florida State Uni-
versity in 1994. After a long stint in industrial research,

Fig. 2. Stephan chaired the workshop held at Xijiao Hotel in Beijing in
2010.

Stephan was deeply appreciative of the freedom in the aca-
demic setting and especially the opportunity to educate and
work with graduate students. At FSU, he not only continued
his endeavor in magnetism and spintronics, but also de-
veloped a keen interest in biophysics, particularly bionanotech-
nology. Together with several generations of graduate stu-
dents and postdocs, and his colleagues in physics, biology,
and chemistry, he further refined the micro-Hall gradiometer
technique invented at IBM, and successfully adapted it to bio-
molecular sensing.

Stephan was a firm believer and faithful practitioner of
open scientific exchanges and international collaborations.
Throughout his career, collaborations with scientists all over
the world were instrumental in many of his important discover-
ies. He had collaborated or closely interacted with Nobel laur-
eates Leo Esaki, Nevill Mott, and Bob Schrieffer, as well as
prominent figures in the field of spintronics, David Awscha-
lom, Robert Buhrman, Michael Coey, Hideo Ohno, Nitin
Samarth among many others. Since 2007, Stephan had de-
veloped a strong professional and personal connection with
colleagues and institutions in China. The collaborative activit-
ies had involved not only all three of us, but also many of our
students from both sides. In 2009, Stephan, with Peng Xiong
at FSU and Jianhua Zhao at loS, CAS, secured funding from
US NSF and NSFC, respectively, to commence a joint project
in semiconductor spintronics. The effort was not only highly
productive in its own right, but also blossomed into a far
broader and robust collaboration which continues to bear
fruit to this day.

Stephan leaves behind a legacy of unparalleled imagina-
tion, innovation, and scientific rigor in the field of magnetic
semiconductors and spintronics. However, Stephan’s passion
and dedication were not confined to his science. He was an ar-
dent enthusiast of music, theater, and fine arts. He was also
an avid sports fan; his skills and competitiveness on the
squash court were legendary. Always a true gentleman,
Stephan’s warmth, generosity, and encouragement have leftin-
delible marks on so many researchers, from Nobel laureates
to graduate students. Being able to work with him closely
was our good fortune and an absolute joy. A gentle giant in-
deed; his presence will be missed by us all, but his spirit will al-
ways be with us and find its way into our work.
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