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Life, the Universe, and Everything: A Chat with Pioneering
Physicist Manijeh Razeghi

Daneet Steffens

"L.ock Inside the tinfes! of periicles and you witl find a universe.” - Rumi (1207-1273),
quoled on the back of Razeghi's “Fundamentals of Solid State Enginesring” (2nd
edition).

15 Movember 2018, SPIE Newstoom. DOl

The secret fo science, according to SPIE Fellow Manijsh
Razeghl, fies wilhin the periodic table. "If you take the pericdic
table, it means you are starling with aloms," says the 2018
winner of the Benjamin Franklin Medat in Elecirical
Engineering, and chair of the Quantum Sensing and Nano
Electrenics and Photonics conference al SPIE Phofonics West
2019. "The smallest parl of any materiat is an atom, and the
smallest atom is the atom of hydrogen, it consists of just one
proton and cne eleciren. So, on the one hand, you may think you have reached the
smallest scale, bul when you look into the recent discoveries of high enargy physics,
you see lhat pholons, like protons and eleclrons, are not just simple particles: but they
are very, very sophisticated complex entities in thefr own right. In that way, says
Razeghi, these particles mirror the Universe, the arena of our scientific observalions.
"By locking at the Universe, we discovered the Sun and the Earth and the Maoon, and
then olher planais and stars. But now, with our new technology, we are finding that
there are many, many universes bayond our own. Whether we study the smallest
scales or the fargest scales of science, we find that the elements in nalure are much
mare complicaled than we first thought and understood.”

Razeghl has always approached these Kinds of chailenging complications with
enargetic gles, finding an ongoing source of joy in the ways in which “everything” as
she notes, "becomes connected with evarything else,” She cites axamples such as the
intricate interwoven relationships between carbon atoms, giamonds, graphene, busky
bails, nanotubes, polymers and carbon-based semi-conductors. All this, she reaffims,
"gues back to the periodic table." But there Is more 1o come says Razeghi: the magic
of carbon Is not over yel, it is her personal beiief and prediction that the fundamental
breakthrough of reaching roem temperature superconductivity with all ils brilliant
consequences will indeed come from carbon.

Her own knowledge-gathering activity staried early in life, as a curious girl growing up
in Iran. "l wanted to undarstand everything," she says. "All tha time, my parents and
grandparents were always explaining everything to me." She recalls an early inferest in
rainbows - "What is the rainbow? What is the color of it? Why are there different
colors? And why is it coming and leaving?" - and why sha could only see the Moon at
night and not during the day. As she grew older, concern over her father's smoking
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habit pigued her curiosity around medicinal and blological sclences; she considerad
medical schood, but developed on from {hat, then followed, an academic inlerest in
crystals, atomic slructures, and fundamental physics.

Afier completing her declorate at the Universiké de Paris, she stayed in France, joining
the Exploratory Materials Lab at Thomsen-CSF, and working on semiconducter
technology while pursuing a parallsl interest in laser technology. "The first gift thal my
husband gave to me was a book aboul lasers and [Iranian-American physicist and
inventor of the gas Jaser] Alt Javan," Razeghi exglains. "# was curfous te understand
more about lasers, and thinking about how ssmiconductors and lasers might work
tegether.” Her pionesring work has afready led to the innovative lechnology of airport
body scanners and under-ses, internet-fransporting lasers. Today, as the Waller P.
Murphy Professor and Director of the Centsr for Quantum Devices in Northwestern
University's Dapartment of Electrical Engineering and Computer Science, her mulli-
disciplined areas of interest remain reflected in her ongoing groundbreaking work i
superconductors, solid-state electronics, and lasers. With a current focus specifically
on innovative THz technology developments - ulilizing semiconducior oploelectronic
materials and devices, including deteclors and transistors - Razeghi sees mutltiple
fulure applicaticn opporiurities in areas ranging frem Imaging, astronemy and
atmospheric sensing, and medical and biclogical sciences, to environmental
monitering, communications, and security and defense,

The author or edilor of 19 books, including one, with Leo
Esaki and Klaus von Klitzing, The Wonder of
Nanotechnofogy: Quantum Oploslectronic Devices and The Wonder of
Applications from SPIE Prass (2013), Razeghi also prides Nanotechnology
herself on being a role maodel for others, as weltas a R
supporter of younger sclentists' work, The physicist, who has
baen working coliaboratively with SPIE since 1981, will be
chairing an award session at SPIE Photenics West 2019: the
Early Career Innovation Awards in Quantum Sensing and
Nano Electronics and Photonics, facililating the kind of
recognilion so often critical to burgeoning researchers, “1
believa ihat humans have a lot of potential," says Razeghi.
“A iot. You nead persistence, curiosity, intslligence,
imagination, focus, determination, and discipline; it's also always imporiant to
understand how studying optical hysics can help humans with knewledge - and with
progress.”

She relurns lo one of her favorite metaphors: science, she says, is like a puzzle,
"Absolutely! Everything is connected and much mere complex than we think, but the
befter you understand ait the elements the better you understand how humans work
and how the universe works, Bul science is also aboul ongeing discovery, developing
a deeper understanding of the elemants sround us: "The more we know, the more we
know that there is more we need to know. We now have more knowledge, more
translational applications, more progress, more diagnostic tools than ever. Whal is
really exciting is thal there is now even more lo leamn, much more.” But it all comes
back te the periodic table: "Underslanding atems," says Razeghi firmly, "means wa
can change and improve the tools we need to improve our everyday lives. Thal Is what
1 am doing in my lab, through my work, with SPIE, and with my studenls. #'s a broad
area that | work In from the material, the design, the applications, but part of the resl
pleasure comes from educating, teaching and woerking with my students, to show
them, how to persavere, to improve, o share, and to collabarate.”
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azeghl receives Franklin medal
SPIE Feliow Manijeh Razeghl has received a Benjamin Franklin Medal.

Wonder of Nanotechnoloay.

Research paved the way for integraled semiconductor OF devices.

Quantum cascade lasers for IR and TH2 spactroscopy

Recent research demonstrales increased power, speciral coverage, and lunability of
quantum cascade lasers.

Superfattice sees colder ebjects in two colars and high resclution

A special class of semiconduclor malerisl can now delect two wavebands of fight with
energies jess than a lenth of an elactron volt in high resclution using the same IR
carmera.




