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Golden Era of Modern Magnetism

Thirty years ago in 1984 when I was a young professor at The Johns
Hopkins University, a prominent physicist, Professor X (who shall remain
nameless) came to Hopkins to give a colloquium. During a brief encounter, Pro-
fessor X asked me, “ What area of research do you do?” 1 answered,
“Magnetism.” He said, “ Magnetism is dead! What else do you do?” 1
answered, “ Superconductivity.” He exclaimed, * Superconductivity is also
dead |” That poignant, not to mention discouraging, exchange was certainly
memorable. However, unbeknownst to anyone then, prominent or otherwise,
high T cuprate superconductors would soon be discovered in 1986, and giant
magnetoresistance (GMR) in 1988. Both events, garnered the Nobel Prize in
Physics in 1987 and 2007 respectively, have altered the course of condensed mat-
ter physics and indeed the technological landscape. Notwithstanding the fact that
Professor X was dead wrong, we have been in the midst of the Golden Era of
Modern Magnetism for the last 25 years.

Let me mention just some of the advances since 1986, roughly in chronologi-
cal order:

interlayer coupling,

GMR in multilayers and granular solids,

exchange bias,

current perpendicular to plane (CPP)-GMR,

spin-valve GMR sensors,

ferromagnetic nanowires,

AlO,-based magnetic tunnel junction (MT]),

colossal magnetoresistance (CMR) materials,

Andreev reflection spectroscopy for measuring spin polarization (P),

spin-transfer torque (STT) switching and microwave oscillation,

Landau-Lifshitz-Gilbert (LLLG) micromagnetic simulation,

half-metals with 100% spin polarization, such as CrO,,

magnetic random access memories (MRAM) ,

multiferroic materials,
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nanorings and nanoring MT]Js,

dilute magnetic semiconductors,

organic spintronics,

MgO-MT]s with huge tunnel magnetoresistance (TMR) ,

spin Hall effect (SHE),

inverse spin Hall effect (ISHE),

domain wall motion,

pure spin current phenomena,

lateral spin valves,

spin pumping,

graphene spintronics,

spin Seebeck effect,

Rashba effect,

spin-orbit switching,

Skyrmion materials,

voltage-controlled switching,

topological insulators.

There has hardly been a dull year. There is always something new and
interesting to learn. Not coincidently, many of these subjects are covered in this
book.

It has often been said that microelectronics has enabled modern technology. This is
only partly correct. More accurately, the two main drivers for modern technology are
microelectronics and high-density data storage (HDDS). Together , they transformed
room-sized main computers, which only major institutions could possess, to lab-top
computers, which everyone owns, and personal digital assistant (PDA) devices, which
one literally carries. Since 1947, the number of transistors per integrated circuit (IC)
has been steadily increasing following closely the Moore’s law to over 10'°/IC today.
Equally impressive, since the launch of magnetic recording in 1955, the HDDS record-
ing density has been increasing more than that of the Moore’s law to over 10* bit/in
today.

It is rather amusing that some skeptics have expressed pessimistic
predictions along the way. When GMR was discovered, some opined that GMR
would not be useful because of the very large magnetic field required. The spin-
valve GMR devices nicely circumvented that predicament. When the CPP-GMR

effect was first observed using a SQUID-based detection system due to the mi-
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nuscule electrical resistance, some skeptics proclaimed that CPP-GMR would
never be useful. Today, CPP-MR heads with all three dimensions of only a few
tens of nm are in most hard drives. During the 1990’ s, there was a famous
doomsday prediction of the ultimate magnetic recording density limit of 40 Gbits/
in® that could never be surpassed. That prediction enjoyed a few years of fame un-
til it was broken unceremoniously and without fanfare. Today, the recording den-
sity is more than 30 times that predicted limit and still climbing. To be fair, that
prediction did not foresee the discoveries in modern magnetism that has been in-
strumental in advancing HDDS. On the other hand, unsolicited predictions and
fortune telling are risky businesses.

This book, authored by many leading experts in the field, captures the ex-
citing developments of the Golden Era of Modern Magnetism, which continues
undiminished and unabated. I personally know many of the authors, and I have
benefited from the collaborations with a few of them. The only drawback of this
book is that it is written in Chinese. All non-Chinese scientists would be deprived

of its rich content.

C. L. Chien

Department of Physics and Astronomy
The Johns Hopkins University
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