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1 Scientific focus

Electrons have electric charge but also carry both intrinsic angular momentum (called “spin”) and
an associated magnetic moment. Unlike the scalar charge, spin is a vector-like quantity that points
in a given direction, and hence the nature of its interaction with other electronic degrees of freedom
is fundamentally different.

My interests within solid-state device physics mostly pertain to the flow of this spin through oth-
erwise nonmagnetic semiconductors, where under normal circumstances there are equal numbers
of spins aligned or anti-aligned along any given axis. Forcing electrons to move across carefully-
controlled interfaces between appropriate materials can, however, create an imbalance of spin di-
rections or “polarization” out of equilibrium. One motivation for this topic choice is that there
are potentially several practical applications of spin-electronics where spin orientation is controlled
through real or effective magnetic field coupling to the magnetic moment. My hope is that we are
working toward a time when this science enables an essential technology, much as a thorough un-
derstanding of charge transport in semiconductors built throughout the middle of the 20th century
led directly to the development of electronic devices and the information age we now enjoy. Thus,
I have focused my research not on exotic substances but rather the same materials basis for con-
ventional electronics (elemental semiconductors such as silicon and germanium, and more recently,
2-dimensional layers of phosphorus).

As an assistant professor of Electrical Engineering at another university, I developed techniques
that ultimately enabled my group to make the first experimental demonstration of non-equilibrium
spin-polarized electron transport through silicon (2007). This was a hard technical and engineering
problem to solve for many reasons; even now no other groups have replicated our success because of
the enormous investment in time & capital, and the multi-disciplinary expertise required for success.
A panoramic photo of several multi-chambered ultra-high vacuum thin-film deposition chambers
that were entirely custom-designed and built by me for this purpose are shown below inside my
custom semiconductor device fabrication cleanroom in Fig. 1, and my new low-temperature device
measurement lab is shown in Fig. 2.

Figure 1: Custom-built ultra-high vacuum thin-film deposition chambers in Appelbaum’s semicon-
ductor device fabrication cleanroom in the Physical Sciences Complex, and an example
packaged and mounted spintronic semiconductor device array fabricated using them.





Figure 2: Appelbaum’s semiconductor device measurement lab in the Physical Sciences Complex.

Carving out this niche in the field has led to many unique opportunities for exploring a previously
obscured but rich scientific landscape. Since my transition to the Physics department at UMD in
2009, I have exploited our prior technical accomplishments in device design and fabrication to focus
on the more fundamental aspects such as the microscopic mechanisms dominating transport of spin-
polarized electrons in elemental semiconductors, especially relaxation or “spin flip”. Over the course
of these last 6 years or so, we have had many successes in identifying these processes, especially
where the crystal symmetry, electronic states’ properties, and isoenergetic surface topology (and
hence the nature of momentum scattering) play a major role.

2 Some context: Research style

My research described above is within the discipline of solid-state condensed-matter physics. Al-
though this is a rather broad field, a small number of topics tend to dominate attention at any one
time, with trends shifting every few years. It is often sensible to align one’s research to these trends,
since it maintains a sense of scholarly community and is to some degree essential in a sociological
context to establish scientific consensus.

My own approach to research has nevertheless always been to pursue topics where I can make a
unique contribution to the field, regardless of trends. I am generally not interested in the obvious
next steps that others will do in droves — applying the same set of tools to the same problems as
everyone else — once a hot new subject attracts attention.

As an experimentalist, my lab builds arrays of complicated semiconductor devices from bare
commodity wafers using unconventional techniques enabled by fabrication equipment I designed
and custom-built. This work is very demanding and it takes new lab members many months to
make progress even just to reproduce known results obtained by previous students and postdocs.
We subsequently perform all the low-temperature measurements on these fragile devices.

Although we have collaborated with theorists on a few occasions, I have a more holistic approach
than most experimentalists. I especially enjoy demonstrating the relevance of theory in numerical
computer simulations to uncover the physical mechanisms responsible for the phenomena observed
in our data. By doing essentially everything necessary ourselves, we strive to gain a complete
understanding of our subject. Consequently, our papers have relatively few authors (I usually place
my name last in the authorship list), and I agonize over the choice of every sentence.

This research style applied to technically difficult topics both limits the production rate for journal
papers and makes our expertise difficult to acquire by other groups, resulting in an only modest
citation count (and so-called “h-index”). It also suppresses the kind of collateral authorship found in
the records of some researchers with many external collaborators where the intellectual contribution
requirements for inclusion are minimal. However, my goal is to maintain a creative, unique approach
and exploit strengths distinct to my group and personal sense of scientific aesthetic. I maintain the
conviction that numerically quantifiable citation “impact” cannot be the sole motivating factor for
truly long-lasting science.





3 Research Highlights

Below, I describe one significant paper from each year since joining UMD as associate professor in
2009:

2009. Hyuk-Jae Jang and Ian Appelbaum, “Spin Polarized Electron Transport near the Si/SiOq
Interface”, Phys. Rev. Lett. 103, 117202 (2009). [45 citations]:
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ence as measured by Larmor precession fringes increases, de-
spite a reduction in total spin polarization. We explained this
behavior (which is in contrast with the expected exponential de-
polarization seen in bulk transport devices) using a transform ()
method to recover the empirical spin current transit-time distri-
bution and a simple two-stage drift-diffusion model. We identi-
fied strong interface-induced spin depolarization (reducing the
spin lifetime by over 2 orders of magnitude from its bulk trans-
port value) as the consistent cause of these phenomena, and
resolved the paradox. This was followed up with extensive finite-
differences modeling in Jing Li and Ian Appelbaum, “Modeling
spin transport in electrostatically-gated lateral-channel silicon
devices: Role of interfacial spin relaxation”, Phys. Rev. B 84,
165318 (2011)[33 citations] and further experiments in Jing Li A

and lan Appelbaum, “Lateral spin transport through bulk sili- T R
con”, Appl. Phys. Lett. 100, 162408 (2012) [19 citations]. Through an international collaboration,
we have begun to apply resonant microwave techniques to identify the microscopic mechanism for
this relaxation pathway, already showing that resonant microwave irradiation can be used to in-
duce spin rotation of spin-polarized electrons as they travel across a silicon channel. [C. Lo, J. Li,
I. Appelbaum, and J.J.L. Morton, “Microwave manipulation of electrically injected spin polarized
electrons in silicon”, Phys. Rev. Applied 1, 014006 (2014).]

(a)

Probability

2010. Bigin Huang and Ian Appelbaum, “The Larmor clock and anomalous spin dephasing in sili-

con”, Phys. Rev. B Rapid Comm. 82, 241202(R) (2010). £y (“Editor’s Suggestion”) [25 citations]:

Here we showed that measurement of coherent spin precession
in a controllable magnetic field can be transformed into an empiri-
cal spin transit time distribution with sub-nanosecond resolution,
without the need for time-of-flight methods. A spin analogue of
the classic Haynes-Shockley experiment (for minority charge car-
riers) is then possible. Analysis of these transport-time distribu-
tions from long-distance silicon channels revealed a spin diffusion
coefficient inconsistent with the Einstein relation that relates dif-
fusivity to mobility, as expected for non-conserved quantities like
spin.

Probability
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2011. Yuan Lu, Jing Li, and Ian Appelbaum, “Spin-Polarized Transient Electron Trapping in
Phosphorus-doped Silicon”, Phys. Rev. Lett. 106, 217202 (2011). [17 citations]:

Using the Larmor clock analysis described above to examine trans-
port data from silicon with intentional donor impurities, we observed
evidence for two distinct transport pathways: (i) short time scales
(=50 ps) due to purely conduction-band transport from injector to
detector and (ii) long time scales (=1 ns) originating from delays as-
sociated with capture or reemission in shallow impurity traps. The
origin of this phenomenon, examined via temperature, voltage, and
electron density dependence measurements, was established by means
of a comparison to a numerical model inspired by probabilistic queu-
ing theory, and is shown to reveal the participation of metastable
excited states in the phosphorus-impurity spectrum. This work then
inspired ongoing research (funded by ONR) into radiative emission
from impurity level transitions and the manipulation of spin selection
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2012. Jing Li, Lan Qing, Hanan Dery, and Ian Appelbaum, “Field-induced negative differential spin
lifetime in silicon”, Phys. Rev. Lett. 108, 157201 (2012). [28 citations]:
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In this work detailing the analysis of spin-transport measure-
ments in high electric fields, we showed that the electric-field-
induced thermal asymmetry between the electron and lattice sys-
tems in pure silicon substantially impacts the identity of the dom-
inant spin relaxation mechanism. Comparison of empirical results
from long-distance spin transport devices with detailed Monte
Carlo simulations confirms a strong spin depolarization beyond
what is expected from the standard Elliott-Yafet theory even at
low temperatures. The enhanced spin-flip mechanism is attributed

to phonon emission processes during which electrons are scattered between conduction band valleys
that reside on different crystal axes. This leads to anomalous behavior, where (beyond a critical
field) reduction of the transit time between spin-injector and spin-detector is accompanied by a
counterintuitive reduction in spin polarization and an apparently “negative” spin lifetime.

2013. Pengke Li, Jing Li, Lan Qing, Hanan Dery, and Ian Appelbaum, “Anisotropy-driven spin
relaxation in germanium”, Phys. Rev. Lett. 111, 257204 (2013).suae§ (“Editor’s Suggestion”)[18 ci-

tations]:

We demonstrated an extraordinary mechanism in cen-
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we identify an analogous spin relaxation pathway caused by the presence of an additional random
field whose origin is rooted instead in the broken time reversal symmetry, and intervalley scattering
allows g-factor anisotropy to drive its fluctuation between four different orientations.

This is the first experimental result in the field that fully demonstrates the sensitivity of spin
transport to band structure topology and symmetry through the spin-orbit interaction.

2014. P. Li and I. Appelbaum, “Electrons and holes in phosphorene”, Phys. Rev. B 90, 115439

(2014) kY (“Editor’s Suggestion”)[29 citations]:

Despite its low atomic number and inversion symmetry, recent
electronic measurements demonstrate that (group-IV) graphene
v has a greatly disappointing and temperature-insensitive spin life-
time, corroborated by theory showing strong coupling to flexural
(out-of-plane) phonons that cannot be effectively suppressed due
to quadratic dispersion and therefore an energy-indpendent density
L of states. There exists a class of graphene-like 2-dimensional semi-
conductors formed from elemental group-IV OR group V atoms,
some of which may be immune to this deleterious coupling. Only
one is known to mechanically exfoliate like graphene: phosphorene
(monolayer black phosphorus). Using group theory, we analyzed
the symmetry of its electronic bandstructure including spin-orbit interaction close to the insulating
gap edge with special interest in the spin-transport properties. Importantly, we discovered that the
unique anisotropy of the valence band vastly suppresses spin relaxation due to flexural phonons
for polarization along a specific in-plane direction. This result allowed us to predict a spin lifetime
comparable to bulk Si, vastly greater than graphene. I am actively in search of funding to extend
this theory work to the realm of experiment so that we can test this prediction.

With Ty,
3

2015. L. Qing, J. Li, I. Appelbaum, and H. Dery, “Spin relaxation via exchange with donor impurity-
bound electrons”, Phys. Rev. B Rapid Comm. 91, 241405(R) (2015):
At low temperatures, electrons in semiconductors are bound

to shallow donor impurity ions, neutralizing their charge in (a7
equilibrium. Inelastic scattering of other externally-injected
conduction electrons accelerated by electric fields can excite
transitions within the manifold of these localized states. Pro- 7. d
motion of the bound electron into highly spin-orbit-mixed ex- J
cited states drives a strong spin relaxation of the conduction
electrons via dynamic exchange interactions, reminiscent of
the Bir-Aronov-Pikus process where exchange occurs with va-
lence band hole states. Through low-temperature experiments with silicon spin transport devices
and complementary theory incorporating a master rate-equation approach using Fermi’s golden
rule, we revealed the consequences of this previously unknown spin depolarization mechanism both
below and above the impact ionization threshold and into the “deep inelastic” regime.
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4 Broader Interests

Majorana modes in 1D spin-orbit coupled superconductors: Dur-
ing Spring 2013, I spent 3 days a week at Harvard under the gra-
cious hospitality of Prof. Amir Yacoby as a “Visiting Scholar”,
primarily on numerical modeling of spin-orbit-coupled supercon-
ductor materials and detection schemes for observing the pre-
dicted Majorana fermion in these systems. This resulted in two
papers, one describing a novel technique (Ian Appelbaum, “Tun-
nel conductance spectroscopy via harmonic generation in a hybrid
capacitor device”, Appl. Phys. Lett. 103, 122604 (2013) [15 cita-
tions]), and a funded proposal (NSF-DMR unsolicited) to carry
out its experimental realization using materials from epitaxial-
growth collaborators at Adelphi Army Research Labs. The other
makes use of electrostatic detection of Majorana modes: G. Ben-
Shach, A. Haim, I. Appelbaum, Y. Oreg, A. Yacoby and B.I.
Halperin, “Detecting Majoranas in 1D wires by charge sensing”,
Phys. Rev. B 91, 045403 (2015) [7 citations].
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Topological Insulators: I developed a numerical model predict-
ing a unique signature of dielectric insulator surface states on
the polarized resonant electromagnetic transmission spectrum,
I. Appelbaum, “Cross-Polarized Microwave Surface-State Anti-
Resonance”, J. Appl. Phys. 116, 064903 (2014). This work is
potentially relevant to the search for novel topological insula-
tors, a presently active topic in the field with which I have sev-
eral prior contributions: Ian Appelbaum, H.D. Drew, and M.S.
Fuhrer, “Proposal for a topological spin rectifier”, Appl. Phys.
Lett. 98, 023103 (2011) [24 citations] and C. Ojeda-Aristizabal,
M. S. Fuhrer, N. P. Butch, J. Paglione, and Tan Appelbaum,
“Towards spin injection from silicon into topological insulators:
Schottky barrier between Si and BisSes”, Appl. Phys. Lett. 101,
023102 (2012) [12 citations].
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5 Current and Future directions

Several important topics in semiconductor spintronics supported in part by existing funded projects:

e Recently, we have obtained initial results on THz emission from doped Si devices (see 2011
paper above), motivating our present work on utilizing spectroscopically-isolated impurity-
level transition lines to produce controllably circularly-polarized radiation resulting from the
spin selection rules. This is a major standing problem in the field, relevant to e.g. chiral
molecule analysis.

e Breaking discrete rotational symmetry with uniaxial strain: Spin relaxation in indirect-bandgap
centrosymmetric semiconductors is dominated by electron-phonon-mediated intervalley scat-
tering. Lattice distortion caused by mechanical stress breaks the valley degeneracy and sup-
presses this scattering, which should lead to massively enhanced spin lifetimes. Our tunnel
junction injectors can easily withstand the necessary strain and we have developed the nec-
essary device fabrication and built a low-temperature strain vise probe with custom contact
geometry.

e Electron spin resonance: In addition to collaboration with Morton’s lab as described above
(see 2009 Highlight), we are also building our own low-temperature ESR system to explore res-
onance identification of paramagnetic centers, and provide additional evidence of e.g. strain-
induced spin lifetime enhancement in Si and Ge.

e Inelastic electron tunneling spectroscopy: We have used this technique to identify extrinsic
contributions to a magnetoresistance phenomenon that has captured the attention of the spin-
tronics community since it mimics spin detection: H. Tinkey, P. Li, and I. Appelbaum, “Inelas-
tic electron tunneling spectroscopy of local “spin accumulation” devices”, Appl. Phys. Lett.
104, 232410 (2014) [15 citations]. I have also developed a rigorously self-consistent method
for simulating true spin-accumulation magnetoresistance: I. Appelbaum, H. N. Tinkey, and P.
Li, “Self-consistent model of spin accumulation magnetoresistance in ferromagnet-insulator-
semiconductor tunnel junctions”, Phys. Rev. B 90, 220402(R) (2014) [3 citations].

e Alternative spin detection schemes: Only two electrical spin detection methods have ever been
demonstrated for use with semiconductors. Both use a ferromagnetic metal contact, either
in open-circuit voltage detection (as pioneered by Johnson and Silsbee, originally with Al in
1985, and applied to GaAs by Crowell’s group in 2007) or in closed-circuit current detec-
tion exploiting spin-dependent inelastic scattering (as developed and extensively used by my
group). Each has its own disadvantages; the former is not applicable to nondegenerate semi-
conductors, and the latter suffers from small signal levels. To enable a spin-polarized electronic
interconnect that circumvents technology constraints on metallic interconnects affecting pack-
ing density (due to capacitive cross-talk) or modulation speed (due to RC time delay), we
developed a hybrid device design with benefits of both approaches, describing and modeling it
in Bryan Hemingway and Ian Appelbaum, “A Differential Spin Detection Scheme”, J. Appl.
Phys. 114, 093907 (2013). Ongoing fabrication and measurement to benchmark the proposed
technique under current DTRA funding.
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8. University of Delaware, Physics and Astronomy seminar, 2/27/07
7. University of Delaware, Electrical and Computer Engineering seminar, 9/27/04
6. University of Delaware, Physics and Astronomy seminar, 9/21/04
5. Virginia Tech, Physics seminar, 2/28/04
4. Lehigh University, Physics colloquium, 2/23/04
3. Drexel University, Physics colloquium, 2/9/04
2. University of Delaware, Electrical and Computer Engineering colloquium, 1/20/04

1. Rensselaer Polytechnic Institute, Physics colloquium, 9/24/03

THESES SUPERVISED

1. Hyun-Soo Kim — MS 12/13 “Hot Electron Injection into Uniaxially Strained Silicon” UMD

2. Jing Li — PhD 1/12 “Extrinsic Spin Relaxation in Silicon Spin Transport Devices” postdoc at
UMN then UTK

3. Jing Li — MS 8/09 “Oblique Hanle Effect in Silicon Spintronic Devices”

4. Bigin Huang — PhD 1/08 “Vertical Transport Silicon Spintronic Devices” HRL

5. Bigin Huang — MS 6/07 “Optical Spin Valve Effects”

6. Lai Zhao — MS 8/08 “Integrated ballistic electron emission luminescence” Applied Materials

7. Jing Xu — MS 8/08 “Modeling and simulation of spin transport and precession in silicon”

Microsoft
Other (non-thesis) MS completion: Gardner Swan '12 (USPTO) and Holly Tinkey "14 (UMD)

SYNERGISTIC ACTIVITIES

e Proposal reviewer: NSF (ECCS panel 9/08, 1/10, 5/11, 11/12, 2/16), Research Corporation,
DOE, EPSCoR, Defense Threat Reduction Agency, Science Foundation Ireland, Icelandic
Centre for Research, Israel Science Foundation, Austrian Science Fund

e Referee: Nature Physics, Nature Nanotech, Nature Materials, Physical Review Letters, Physical
Review B, Applied Physics Letters, Europhysics Letters, Journal of Applied Physics, J. Magn.
Magn. Mat., Semiconductor Sci. and Tech., etc.

e Proposed and chaired 2015 APS March meeting invited symposium session, Spin Accumulation:
Experiment and Theory Behind the Controversy.


http://www.linkedin.com/pub/hyun-soo-kim/48/28/191
http://drum.lib.umd.edu/handle/1903/15485
https://www.linkedin.com/pub/jing-li/3b/34/945
http://phdtree.org/pdf/25957408-extrinsic-spin-relaxation-in-silicon-spin-transport-devices/
https://www.linkedin.com/pub/jing-li/3b/34/945
http://gradworks.umi.com/14/69/1469530.html
http://www.linkedin.com/pub/biqin-huang/a/21/1a4
http://gradworks.umi.com/32/96/3296631.html
http://www.linkedin.com/pub/biqin-huang/a/21/1a4
http://gradworks.umi.com/14/44/1444640.html
http://www.linkedin.com/pub/dir/Lai/Zhao
http://gradworks.umi.com/14/57/1457436.html
https://www.linkedin.com/in/jingxu1
http://gradworks.umi.com/14/57/1457437.html
http://meeting.aps.org/Meeting/MAR15/Session/Y20
http://meeting.aps.org/Meeting/MAR15/Session/Y20

e Tutorial Instructor and session chair: “Spintronics”, APS March meeting (2014), Spin Transport
Physics short course, DRC (2010).

e Program Committee: 12th Joint MMM /Intermag (2013), PASPS-7 (Eindhoven August 5-8
2012), 2010 and 2011 Electronic Materials Conference, Device Research Conference (2009,
2010 and 2011), Focus Session on Spin Dependent Phenomena in Semiconductors, APS
March meeting (2009), Chinese-American Kavli Frontiers in Science Symposium, US National
Academy of Sciences (2008)

e Five lectures viewed by over 3000 students worldwide on coursera.org MOOC “Exploring
Quantum Physics”

e U.S. Patent 7244997, “Magneto-Luminescent Transducer”

e Life Member 61024031, American Physical Society

AWARDS

e 2016 Fellow, American Physical Society: “For advancing the study of spin-polarized electron
transport in semiconductors, especially the fundamental processes revealed by coherent and
time-resolved spin transport over macroscopic distances in silicon and germanium.”

e 2011 A.M. Haig prize / Outstanding Young Scientist, MD Academy of Sciences

e 2010 “Highly Commended”: TUPAP Young Scientist Prize in Semiconductor Physics
e 2009 NSF CAREER award

e 2008 Outstanding Junior Faculty Member for the College of Engineering (Delaware)
e 2007 Cambridge NanoTech Research Award

e 1998 G. Howard Carragan Award (RPI) “For outstanding scholarship”

e 1998 Hertz Foundation - Grant recipient

e 1996 Remnsselaer Founder’s Award

MAJOR DEPARTMENTAL COMMITTEES CHAIRED

e Graduate qualifier exam committee, 2016-present (manage authorship of both Classical and
Quantum exams each semester)

e CME faculty search committee, 2013 (hired V. Manucharyan and J. Williams)

e Undergraduate curriculum review committee, 2011 (authored 50+ page report)



'UP4P

International Union of Pure and Applied Physics

Young Scientist Prize for Semiconductor Physics

lan Appelbaum

Highly Commended

For his contributions to the study of spin-dependent
transport and devices in silicon.

Commission on Semiconductors - C8
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http://appelbaum.physics.umd.edu/docs/ppt/Appelbaum_102414.pdf
https://www.coursera.org/course/eqp
https://www.coursera.org/course/eqp
http://www.google.com/patents/US7244997
https://www.aps.org/programs/honors/fellowships/archive-all.cfm?initial=&year=2016&unit_id=DCMP&institution=University+of+Maryland%2C+College+Park
http://www.mdsci.org/programs/outstanding-young-scientist-outstanding-young-engineer/past-oys-recipients/

TEACHING

@ U. Maryland, Physics Dept.:
e Spring 16: PHYS402 Quantum Physics 11

“In a very strong physics department, based on my several prior courses, Appelbaum is one
of the very best.” “Prof. Appelbaum is a remarkable teacher. He has an extremely strong
command on the course content and made sure to convey the course material in a way that was
very accessible to students. I would recommend students to take a course with the professor
as there are few professors whose command on the course content is as inspirational as his.’
“...knows what he wants to teach and knows how to teach it effectively.” “...really cared
about student learning, and I really enjoyed the course and the material.” “...takes excellent
administrative care of the class. It’s clear he understands the material with great intimacy
and that he cares deeply about it, which is pretty motivating to have in a teacher.”

9

e Fall 15: PHYS404 Statistical Thermodynamics

“Dr. Appelbaum is a great instructor, he encourages students to participate with questions
in class, inspires independent thinking, and made the class clear and interesting to attend. I
enjoyed the course very much. Keep up the great work!” “...definitely one of the most challeng-
ing yet most interesting undergraduate physics courses. Prof. Appelbaum went through every
important derivation very carefully and made many concepts extremely easy to understand.
In general, he gave us a very good introduction to the statistical view of physics. I strongly
recommend his stat physics class to other students.” “...Professor was very considerate of the
students. . . put time aside to talk to students one-on-one to see what issues they are having
and that helped.” “...very knowledgeable and the lectures are very in depth. If you're looking
for a more challenging, insightful course, I'd definitely recommend him as a professor. There
are a lot of alternative (arguably better) derivations he does in lecture that add to those in
the textbook. ...answers to questions are always very thoughtful and thorough. If you’re
passionate about physics and want to learn, he’s one of the best professors I've had.”

e Spring 15: PHYS402 Quantum Physics 11
“very insightful and clear.” “Good use of matlab code and visuals to cause understanding.
Excellent professor” “I really enjoyed the use of electronic notes during lecture and feel like
I learned a lot during the course. His ability to clearly describe the topics, often taking a
different approach than the book, was nice as it gave us two different perspectives on the
same problems.” “Professor Appelbaum has been instrumental in helping me to wrap my head
around the most difficult branch of physics.”

e Fall 14: PHYS165 Intro to Programming for the Physical Sciences
“Professor Appelbaum was an excellent teacher who really knows his stuff. He’s a great presenter
of material and always emphasized that we learn...I enjoyed the course.”

e Spring 14: PHYS402 Quantum Physics I1
“Great course, I learned a lot. Very good instruction style that introduced us to physics in
the real world” “Love the teaching style. Very accommodating and easy to follow.” “...always
answered questions helpfully and patiently ...” “He did an amazing job teaching us the
mathematical underpinnings of QM.” “... comes up with different possible ways to teach and
make us understand the lecture. Thank you for that.”

e Fall 13: PHYS731 Solid State Physics
“I learned a lot from the course and feel it gave a great survey of a vast and interesting field of



Teaching

Tan Appelbaum January 24, 2016

My teaching record spans over 10 years. Since appointment as associate professor at U. Maryland
in 2009, I have taught one lab course and several lecture-based courses (mostly at 400 and 700 level).
In this Teaching Portfolio, I provide a discussion of my teaching goals, methods, and outcomes,
with evidence gleaned from these recent teaching experiences.

1 Strengthening communication

Before beginning a new course, I always consult with my colleagues who have previously taught it
for guidance. I try to incorporate what I learn from them into my own teaching strategy, especially
when their ideas are intended to enhance the instructor-student dialogue. One of the most successful
examples of this was a suggestion to construct course websites with piazza.com (developed by a
former UMD grad student); among many valuable resources, its asynchronous Q&A bulletin board
has allowed my students to learn from each others’ questions, and contribute directly to their peers’
learning experience by proposing answers themselves, as well.

2 Setting standards

Establishing an appropriate degree of difficulty in a physics course, especially in the first semester
teaching it, is often nontrivial. On the one hand, the material should be matched to student expec-
tations and abilities based on their experiences with previous classes. On the other, the instructor
has a practical responsibility to insist that essential fundamental concepts are thoroughly under-
stood (especially when they are prerequisite to more advanced classes). Furthermore, the instructor
has an intellectual responsibility to the students and him/herself to avoid simply rote adherence to
the textbook and its author’s sole perspective and voice on the subject.

I have always sought to set the difficulty of my courses fairly high. Ideally, all the students should
feel challenged: that they learned a great amount but perhaps not every topic covered, and that the
course as a whole was very near — but not beyond — the threshold of being too hard. This choice
has been largely successful, with many course evaluation comments conveying an appreciation for
the rigorous approach (see Section 5 on student comment highlights below).

However, there is a risk in doing this: one might initially set the standards too high, and only
learn too late to make substantial changes that the students are not able to rise up to the standards
set. This occurred when I volunteered to teach PHYS165, “Introduction to Programming for the
Physical Sciences” in Fall 2014 (this class covers the basic elements of computer programming using
MATLAB and applies it to simple physics problems from elementary Newtonian mechanics). In
contrast to my previous experiences with several different courses, where I was able to use student
reactions to help calibrate the level as the the course went on, in this class such feedback from
the students was weak and the class ended up at a level which was apparently beyond what the
students could handle. At the end of the semester, I was therefore pleased to find one student’s
evaluation comment including the quote below:





“Professor Appelbaum was an excellent teacher who really knows his stuff. He’s
a great presenter of material and always emphasized that we learn... I enjoyed the
course.”

However, comments from some other students were unfortunately not as positive, and in stark
contrast to the rest of my altogether-satisfying teaching record, numerical scores for this class were
particularly disappointing. Future semesters will clearly require more active engagement and a
recalibration of difficulty level. I am eager to rise to the challenge of turning this particular course —
now required for Physics majors — into a success (see Section 4 on incorporation of computer-aided
numerical methods, “Subject matter” below).

I enjoy lecturing immensely because — in addition to the standard elements of logical argument
and detailed mathematical calculations — it allows extemporaneous exposition and a bit of theater.
This spontaneity creates a dynamic environment to convey not only the bare physics, but also
gives me an opportunity to inspire my students with enthusiasm and excitement for the subject.
To further success toward ultimate learning outcomes, I have applied several innovations that
complement my personal style and enhance valuable interaction with the students, as detailed in
the next two sections:

3 Lecture materials

I do not use the white-/chalk-board on the walls, but rather
a Tablet PC with projector. This is allows me to 1. write
the notes facing the students so that they hear my voice
loud and clear, and so I can see raised hands for questions,
2. view each page in its entirety, exactly as the students
see it, to keep the visuals organized and logical, 3. make
adjustments to text and figures beyond simple erasure such
as resizing, color, reshaping, copy & paste, etc, 4. save the
notes for distribution to the students as PDF files on the T 7
course website after any adjustments, corrections, additions, etc. are made following class, and 5.
quickly review the previous lecture’s notes in the beginning of each class to remind the students
what they learned, its relevance to the present topic, and to give them the opportunity to ask
lingering questions in an ad hoc discussion.

The students respond quite positively to this teaching modality and the comments entered in
student evaluations reflect their appreciation. For example:

“... very refreshing to be able to spend less time copying notes and more time absorbing

the professor’s unique perspective on the topic.”
“... technology-driven teaching style is innovative and kept me engaged.”

“... I really enjoyed the use of electronic notes during lecture and feel like I learned a
lot during the course.”

“... The lectures were very well organized (I especially liked that the PDF notes were
available online) and well thought out.”

“... This professor is by far one of the best lecturers I've had at this university ... He
is very well organized (something I’ve never seen in the phys. department), and has a
well-designed website with easily accessible notes/assignments.”





At the end of the semester, I collate these notes and related materials. Several have been made
available to others online as self-published books: Quantum Physics (from PHYS401 and 402, ISBN
9781312303119) and Solid State Physics (from PHYS731, ISBN 9781304791009).

4 Subject matter

Another aspect of my teaching style is an emphasis on incorporating numerical analysis with com-
puter environments such as MATLAB to complement the usual analytic approach to solving prob-
lems. commonly adhered to in textbooks.

After comparing the calculations to the conventional
Muﬁm&m textbook result, we then often are able to explore similar
physical problems that elude simple analytical methods.
Furthermore, I have found it very effective to include
tasks asking the students to reproduce the numerical re-
sults themselves on their PCs for homework. Although
they are sometimes initially unfamiliar and uncomfort-
able with this kind of assignment, it ultimately has had
an overwhelmingly positive reaction from students as ev-
idenced by course evaluation comments:
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“... T also appreciated the focus on numerical analysis, which allows one to gain a much
stronger intuition about the subject than only working on the few examples that can be
solved analytically. Overall it felt like I gained an excellent understanding of the basics
of quantum mechanics, as well as a number of universal mathematical and analytical

skills.”
“Good use of matlab code and visuals to cause understanding. Excellent professor.”

“Computing projects were fun”

I feel very strongly that in addition to aiding the learning process, an ability to translate scientific
concepts into relevant mathematics and instruction in an objective computer language (interpret
the resulting data) is an essential part of training in any STEM field that should be required as
part of an undergraduate degree in this 21st century. Making use of computers can and should be
done in the teaching laboratory setting as well: After teaching PHYS375 Experimental Physics I11
(Optics) in Fall 2009, I undertook a complete redesign of experiments to use MATLAB for data
acquisition in addition to replacement of optical hardware, manual rewrites, etc. In fact, I have
had former students tell me — long after the course was finished — that their experience learning
how to employ the computer to do numerical modeling using theory or automate experimental
measurements subsequently led to getting a job requiring that skill, or helped them decide what
career path to pursue.

Partly for this reason, I was pleased that the new Physics curriculum recommended by the
departmental committee I co-chaired in 2011 now requires students to take either a 100- or 400-level
course on numerical methods in physics. The lower-level course I taught in Fall 2014, PHYS165
“Introduction to Programming for the Physical Sciences”, will then attract a different student
profile, leading to a more positive outcome.



http://appelbaum.physics.umd.edu/docs/notes/QuantumNotes.pdf

http://www.lulu.com/content/paperback-book/quantum-physics/14892135

http://www.lulu.com/content/paperback-book/quantum-physics/14892135

http://appelbaum.physics.umd.edu/docs/notes/PHYS731notes.pdf

http://www.lulu.com/content/paperback-book/solid-state-physics/14362122



5 Student evaluation comment highlights

@ U.

Maryland, Physics Dept.:

Fall 15: PHYS404 Statistical Thermodynamics

“Dr. Appelbaum is a great instructor, he encourages students to participate with questions
in class, inspires independent thinking, and made the class clear and interesting to attend. I
enjoyed the course very much. Keep up the great work!” “...definitely one of the most chal-
lenging yet most interesting undergraduate physics courses. Prof. Appelbaum went through
every important derivation very carefully and made many concepts extremely easy to un-
derstand. In general, he gave us a very good introduction to the statistical view of physics.
I strongly recommend his stat physics class to other students.” “...Professor was very con-
siderate of the students...put time aside to talk to students one-on-one to see what issues
they are having and that helped.” “...very knowledgeable and the lectures are very in depth.
If you’re looking for a more challenging, insightful course, I'd definitely recommend him as
a professor. There are a lot of alternative (arguably better) derivations he does in lecture
that add to those in the textbook. ...answers to questions are always very thoughtful and
thorough. If you’re passionate about physics and want to learn, he’s one of the best professors
I've had.”

Spring 15: PHY S402 Quantum Physics 11

“very insightful and clear.” “Good use of matlab code and visuals to cause understanding.
Excellent professor” “I really enjoyed the use of electronic notes during lecture and feel like
I learned a lot during the course. His ability to clearly describe the topics, often taking a
different approach than the book, was nice as it gave us two different perspectives on the
same problems.” “Professor Appelbaum has been instrumental in helping me to wrap my
head around the most difficult branch of physics.”

Fall 14: PHYS165 Intro to Programming for the Physical Sciences
“Professor Appelbaum was an excellent teacher who really knows his stuff. He’s a great
presenter of material and always emphasized that we learn... I enjoyed the course.”

Spring 14: PHYS402 Quantum Physics IT

“Great course, I learned a lot. Very good instruction style that introduced us to physics
in the real world” “Love the teaching style. Very accommodating and easy to follow.” “.
always answered questions helpfully and patiently ...” “He did an amazing job teaching us
the mathematical underpinnings of QM.” “... comes up with different possible ways to teach
and make us understand the lecture. Thank you for that.”

Fall 13: PHYS731 Solid State Physics

“I learned a lot from the course and feel it gave a great survey of a vast and interesting
field of physics” “Computing projects were fun” “The lectures were very well organized (I
especially liked that the PDF notes were available online) and well thought out. Overall this

was a great course” “instructor was always prepared for lecture and explained the material
in a knowledgeable fashion” “The teaching was clear and concise.”

Fall 12: PHYS731 Solid State Physics

“lan is the most organized, effective teacher I have had in graduate school. Because of his
preparedness and ability to explain physical concepts clearly, we were able to cover a lot of
material. This course was an elective for me, and I was pleasantly surprised at how much I





@ U.

learned, how much I enjoyed learning it, and how easy it was to learn it. Ian’s technology-
driven teaching style is innovative and kept me engaged. Finally, the problem sets were il-
lustrative and pitched at a level I felt was reasonable, yet challenging. Again, this course
was incredible and I'd recommend it to any graduate student who is even mildly interested.”
“This class was wonderfully designed and taught.” “This was a fantastic course that I think
really did a good job of covering a wide range of topics at an appropriate level of depth.”

Spring 12: PHY S401 Quantum Physics I

“I found this course extremely enjoyable. It reminded me of why I decided to become a Physics
major. Professor Appelbaum was very knowledgeable and applied mathematical formalisms
that were originally unfamiliar but ultimately extremely helpful.” “Professor was very co-
herent and very methodical. He taught the material very well and cared greatly about the
students.”

Fall 11: PHYS731 Solid State Physics
“I enjoyed the course immensely.” “Good lectures, difficult but rewarding homework.” “Over-
all, a class I enjoyed and was worth taking.”

Spring 11: PHYS401 Quantum Physics I

“This was probably my favorite course that I have taken so far. I really appreciated the math-
ematical derivations of universal mathematical concepts, and then seeing directly how they
applied to quantum mechanics. This was in my opinion much better than simply stating the
results and then working with them. I also appreciated the focus on numerical analysis, which
allows one to gain a much stronger intuition about the subject than only working on the few
examples that can be solved analytically. Overall it felt like I gained an excellent understand-
ing of the basics of quantum mechanics, as well as a number of universal mathematical and
analytical skills.” “... this was easily one of the most engaging, challenging, and rewarding
physics courses I have taken at UMD. It was very refreshing to be able to spend less time
copying notes and more time absorbing the professor’s unique perspective on the topic. I hope
other students do not pass up an opportunity to take this course.” “... I've never been more
excited about a topic I was learning, and I believe that is all because of Dr. Appelbaum.”

Fall 10: PHYS375 Experimental Physics III (Optics)
“Prof. Appelbaum was a good, enthusiastic, and helpful professor.” “I’d highly recommend
Appelbaum.”

Spring 10: PHYS401 Quantum Physics I

“This professor is by far one of the best lecturers I've had at this university. His lectures
compliment the text, presenting material in different (often simpler) styles. He is very well
organized (something I’ve never seen in the phys. department), and has a well-designed website
with easily accessible notes/assignments.”

Delaware, ECE Dept.:

Spring 08: ELEG646 Nanoelectronic Device Principles

“Helps a lot in and out of class. .. I like the computational methods used in micro- and nano-
electronics, which was taught by the instructor. His lectures help promote my understanding
of semiconductor devices to a higher level... Great class, well taught. Intense projects but
very helpful in understanding the subject.”





Fall 07: ELEG340 Solid-State Electronics

“Highly knowledgeable. . . he was a great teacher and really knew what he was talking about. ..
More than willing to provide help or extra material to students who seek it... genuinely cares
about how his students perform in his class. .. very helpful and open to any questions at any
time. .. Professor did a tremendous job teaching the subject. Lectures were very effective and
clear. This class made me realize how much I love engineering. ..”

Spring 07: ELEG240 Physical Electronics

“Great teacher. .. effective, and helpful... available for help almost any time... the course
has better prepared me for my future engineering courses. .. the topics we covered were very
interesting. ..”

Fall 06: ELEG340 Solid-State Electronics

“Professor provides slides with the material and explains the slides well. .. .Professor Appel-
baum exhibits great knowledge of the subject material. Lectures are straightforward... Dr.
Appelbaum was able to instill a passion for the subject matter. .. The level of caring presented
was appropriate and genuine. .. overall this was one of my favorite courses this semester...”

Spring 06: ELEG /PHYS667 Magnetism and Spintronics

“The professor is nice and well prepared. Thank you....He is a good researcher with huge
knowledge in this field. Young, energetic and ambitious researcher, I learned a lot in depth
from him....The course should be made compulsory for students specializing in Magnetism
and Spintronics related fields...”

Fall 05: ELEG340 Solid-State Electronics

“The instructor is one of, if not the best that I have had... He is very knowledgeable of the
subject matter and communicates it well... He was also very helpful in office hours... Pro-
fessor’s knowledge of the material was thorough. Lectures were well presented... Professor
Appelbaum is a very good professor. He is extremely smart and knowledgeable of the mate-
rial in this class... Very extensive knowledge of the material... I liked Appelbaum’s visual
teaching method...”

Fall 04: ELEG667-018/ PHYS667-018 Magnetism and Spintronics

“Dr Appelbaum is a good instructor, helps students a lot, he supplies them with extra infor-
mation, he is interested in the subject and is well-prepared. .. it was very beneficial for my
research. Now I feel more comfortable in the literature. I got a better understanding of what
is going on in spintronics... the class was very well structured and included all the basics.
In the presentations more advanced topics were included and the instructor made sure the
explanations were clear the most important points were made. ... I enjoyed the course very
much and it was very useful....”
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http://www.lulu.com/content/paperback-book/quantum-physics/14892135
http://www.lulu.com/content/paperback-book/solid-state-physics/14362122

physics” “Computing projects were fun” “The lectures were very well organized (I especially
liked that the PDF notes were available online) and well thought out. Overall this was a
7y

great course” “instructor was always prepared for lecture and explained the material in a
knowledgeable fashion” “The teaching was clear and concise.”

Fall 12: PHYS731 Solid State Physics

“lan is the most organized, effective teacher I have had in graduate school. Because of his
preparedness and ability to explain physical concepts clearly, we were able to cover a lot of
material. This course was an elective for me, and I was pleasantly surprised at how much I
learned, how much I enjoyed learning it, and how easy it was to learn it. Ian’s technology-driven
teaching style is innovative and kept me engaged. Finally, the problem sets were illustrative
and pitched at a level I felt was reasonable, yet challenging. Again, this course was incredible
and I'd recommend it to any graduate student who is even mildly interested.” ” This class was
wonderfully designed and taught.” ”This was a fantastic course that I think really did a good
job of covering a wide range of topics at an appropriate level of depth.”

Spring 12: PHY S401 Quantum Physics I

“I found this course extremely enjoyable. It reminded me of why I decided to become a Physics
major. Professor Appelbaum was very knowledgeable and applied mathematical formalisms
that were originally unfamiliar but ultimately extremely helpful.” “Professor was very coherent
and very methodical. He taught the material very well and cared greatly about the students.”

Fall 11: PHYS731 Solid State Physics
“I enjoyed the course immensely.” “Good lectures, difficult but rewarding homework.” “Overall,
a class I enjoyed and was worth taking.” Chair’s commendation.

Spring 11: PHY S401 Quantum Physics I

“This was probably my favorite course that I have taken so far. I really appreciated the
mathematical derivations of universal mathematical concepts, and then seeing directly how
they applied to quantum mechanics. This was in my opinion much better than simply
stating the results and then working with them. I also appreciated the focus on numerical
analysis, which allows one to gain a much stronger intuition about the subject than only
working on the few examples that can be solved analytically. Overall it felt like I gained an
excellent understanding of the basics of quantum mechanics, as well as a number of universal
mathematical and analytical skills.” “...this was easily one of the most engaging, challenging,
and rewarding physics courses I have taken at UMD. It was very refreshing to be able to
spend less time copying notes and more time absorbing the professor’s unique perspective on
the topic. I hope other students do not pass up an opportunity to take this course.” “...IT've
never been more excited about a topic I was learning, and I believe that is all because of Dr.
Appelbaum.”

Fall 10: PHYS375 Experimental Physics III (Optics)
“Prof. Appelbaum was a good, enthusiastic, and helpful professor.” “I’d highly recommend
Appelbaum.”

Spring 10: PHYS401 Quantum Physics I

“This professor is by far one of the best lecturers I’ve had at this university. His lectures
compliment the text, presenting material in different (often simpler) styles. He is very well
organized (something I've never seen in the phys. department), and has a well-designed website
with easily accessible notes/assignments.”



Cllge Pak, Mryland 20742111

@ UNIVERSITY OF 1117 Physics B,
wwwumdphyscumd.edy

DEPARTMENT OF PHYSICS.
Ofic of the Chair

Dr. t2n Appelbaum
Februay 3, 2012

Dear

During the 2011 semeser, you tugh the graduste course in soid st theory, 731, This i not an
casy course — ihe stodems come fom many differet places with many Giffren goals: _theory,
experiment, some aimed at CM, some ol Ths is a really imporantclass, s i servs a5 3 path 10 inect
more students nfo CM physics.

1 ave nothing but praise for how well you taught this course acconding o your student Cvauations.
‘Which eporieda sore of 3,63 fo “overallefectiveness”. relaiv 10 3 average of 321 for ll 700 evel
courses i the callege. This i on ofthe top § scores i the department, a raly sigaificant achievement.
have had  lot of experence with looking a staden evaluations, and | can tll you tha if someone
Scores average or new average, s notclear what one can conclude, bt f someone scores exiremely
igh, hink i's cearhat thi s aninicaton hat you are reaching the saderis.Th s borm ot n your
case by the fac you also had § of 9 sudents responding. To me this shows that you ar rally reaching.
thes kids in 3 ery tough environment. OF sl the comments, i one is my favorte, alo bringing out
‘youraily 1o acuully reach these ids:

“Dr. Appelbaum clearly loved what he was doing and put a ot of effr into teaching t”

Fim ot surprise at al,givn the overl] excelence of your work i resarch and your genersiy s 3
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Sincerely yours.

ABdon

Drew Baden
Professo and Chaic




@ U.

Fall 09: PHYS375 Experimental Physics III (Optics)
Complete redesign of experiments: Matlab for data acquisition, replacement of optical hardware,
manual rewrites, etc.

Delaware, ECE Dept.:

Spring 08: ELEG646 Nanoelectronic Device Principles

“Helps a lot in and out of class. ..I like the computational methods used in micro- and nano-
electronics, which was taught by the instructor. His lectures help promote my understanding
of semiconductor devices to a higher level. .. Great class, well taught. Intense projects but very
helpful in understanding the subject.”

Fall 07: ELEG340 Solid-State Electronics

“Highly knowledgeable. . . he was a great teacher and really knew what he was talking about. .. More

than willing to provide help or extra material to students who seek it... genuinely cares about
how his students perform in his class...very helpful and open to any questions at any
time. .. Professor did a tremendous job teaching the subject. Lectures were very effective and
clear. This class made me realize how much i love engineering. ..”

Spring 07: ELEG240 Physical Electronics

“Great teacher. . . effective, and helpful. .. available for help almost any time...the course has
better prepared me for my future engineering courses. ..the topics we covered were very
interesting. ..”

Fall 06: ELEG340 Solid-State Electronics

“Professor provides slides with the material and explains the slides well. . . .Professor Appelbaum
exhibits great knowledge of the subject material. Lectures are straightforward. .. Dr. Appelbaum
was able to instill a passion for the subject matter...The level of caring presented was
appropriate and genuine. . . overall this was one of my favorite courses this semester...”

Spring 06: ELEG/PHYS667 Magnetism and Spintronics

“The professor is nice and well prepared. Thank you....He is a good researcher with huge
knowledge in this field. Young, energetic and ambitious researcher, I learned a lot in depth
from him. ...The course should be made compulsory for students specializing in Magnetism
and Spintronics related fields...”

Fall 05: ELEG340 Solid-State Electronics

“The instructor is one of, if not the best that I have had...He is very knowledgeable of
the subject matter and communicates it well...He was also very helpful in office hours....
Professor’s knowledge of the material was thorough. Lectures were well presented. .. Professor
Appelbaum is a very good professor. He is extremely smart and knowledgeable of the material
in this class. .. Very extensive knowledge of the material. .. I liked Appelbaum’s visual teaching
method. ..”

Fall 04: ELEG667-018/PHYS667-018 Magnetism and Spintronics

“Dr Appelbaum is a good instructor, helps students a lot, he supplies them with extra
information, he is interested in the subject and is well-prepared. . .it was very beneficial for
my research. Now I feel more comfortable in the literature. I got a better understanding of
what is going on in spintronics. . . the class was very well structured and included all the basics.
In the presentations more advanced topics were included and the instructor made sure the



explanations were clear the most important points were made. ... I enjoyed the course very
much and it was very useful....”



