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PhD Physics 1998-2003
Massachusetts Institute of Technology

“Ballistic Electrons: Microscopy, Spectroscopy, Devices and Luminescence”

Thesis advisor: V. Narayanamurti (Harvard) / J.D. Joannopoulos (MIT)

BS Physics and Mathematics 1994-1997
Rensselaer Polytechnic Institute

Summa Cum Laude. Academic/Research advisors: X.-C. Zhang and P.D. Persans

Professor of Physics 2016-

Associate Professor of Physics 2009-2016
University of Maryland, College Park

• Semiconductor Physics Research: spin-polarized electron transport in Si and Ge, electronic structure of 2D
semiconductors

• Teaching: Solid-State Physics, Quantum Mechanics, Optics, Stat. Mechanics, and Scientific Computing

• Affiliate Associate Professor of Electrical and Computer Engineering

Assistant Professor of Electrical Engineering 2004-2008
University of Delaware

• Research on optoelectronic devices, STM/BEEM, UHV wafer bonding, spin injection/ detection

• Teaching courses on Device Physics, Wave Physics, and Spintronics & Magnetoelectronics

Postdoctoral Fellow 2003-2004
Harvard University

• Division of Engineering and Applied Sciences, Narayanamurti Lab: research on hot electron transport in metallic
thin films for thermoelectric devices and materials

• P. Li and I. Appelbaum, “Excitons without effective mass: biased bilayer graphene”, Phys. Rev. B 99,
035429 (2019).

• P. Li and I. Appelbaum, “Intrinsic two-dimensional states on the pristine surface of tellurium”, Phys.
Rev. B Rapid Comm. 97, 201402(R) (2018).

• P. Li and I. Appelbaum, “Illuminating “spin-polarized” Bloch wave-function projection from degenerate

bands in decomposable centrosymmetric lattices”, Phys. Rev. B 97, 125434 (2018).

• P. Li, J.D. Sau, and I. Appelbaum, “Robust zero-energy bound states in a helical lattice”, Phys. Rev. B
96, 115446 (2017).

• I. Appelbaum and P. Li, “Electrons, holes, and spin in the IV-VI monolayer four-six-enes”, Phys. Rev.

B 94, 155124 (2016).

• H. Tinkey, H. Dery, and I. Appelbaum, “Defect passivation by proton irradiation in ferromagnet-oxide-
silicon junctions”, Appl. Phys. Lett. 109, 142407 (2016). “APL Editor’s Pick”

• P. Li and I. Appelbaum, “Interpreting current-induced spin polarization in topological insulator surface
states”, Phys. Rev. B Rapid Comm. 93, 220404(R) (2016).

• I. Appelbaum and P. Li, “Spin polarization control in a 2-dimensional semiconductor”, Phys. Rev.
Applied 5, 054007 (2016).

• P. Li and I. Appelbaum, “Symmetry, distorted band structure, and spin-orbit coupling of group-III
metal-monochalcogenide monolayers”, Phys. Rev. B 92, 195129 (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).

• G. Ben-Shach, A. Haim, I. Appelbaum, Y. Oreg, A. Yacoby and B.I. Halperin, “Detecting Majorana
modes in one-dimensional wires by charge sensing”, Phys. Rev. B 91, 045403 (2015).

• I. Appelbaum, H. N. Tinkey, and P. Li, “Self-consistent model of spin accumulation magnetoresistance
in ferromagnet-insulator-semiconductor tunnel junctions”, Phys. Rev. B Rapid Comm. 90, 220402(R)
(2014).

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

• I. Appelbaum, “Cross-Polarized Microwave Surface-State Anti-Resonance”, J. Appl. Phys. 116, 064903
(2014).

• H. Tinkey, P. Li, and I. Appelbaum, “Inelastic electron tunneling spectroscopy of local ’spin accumulation’
devices”, Appl. Phys. Lett. 104, 232410 (2014).

• 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).

• P. Li, J. Li, L. Qing, H. Dery, and I. Appelbaum, “Anisotropy-driven spin relaxation in germanium”,

Phys. Rev. Lett. 111, 257204 (2013).

• I. Appelbaum, “Tunnel conductance spectroscopy via harmonic generation in a hybrid capacitor device”,
Appl. Phys. Lett. 103, 122604 (2013).

• B. Hemingway and I. Appelbaum, “A Differential Spin Detection Scheme”, J. Appl. Phys. 114, 093907
(2013).

• J. Li and I. Appelbaum, “Inelastic spin depolarization spectroscopy in silicon”, J. Appl. Phys. 114,
033705 (2013).

• C. Ojeda-Aristizabal, M. S. Fuhrer, N. P. Butch, J. Paglione, and I. Appelbaum, “Towards spin injection
from silicon into topological insulators: Schottky barrier between Si and Bi2Se3”, Appl. Phys. Lett. 101,
023102 (2012).

• J. Li and I. Appelbaum, “Lateral spin transport through bulk silicon”, Appl. Phys. Lett. 100, 162408
(2012).

• J. Li, L. Qing, H. Dery, and I. Appelbaum, “Field-induced negative differential spin lifetime in silicon”,
Phys. Rev. Lett. 108, 157201 (2012).

• J. Li and I. Appelbaum, “Modeling spin transport in electrostatically-gated lateral-channel silicon devices:
Role of interfacial spin relaxation”, Phys. Rev. B 84, 165318 (2011).

• I. Appelbaum, “Introduction to Spin-Polarized Ballistic Hot Electron Injection and Detection in Silicon”,
Phil. Trans. R. Soc. A 369, 3554 (2011).

• Y. Lu, J. Li, and I. Appelbaum, “Spin-Polarized Transient Electron Trapping in Phosphorus-doped Sili-
con”, Phys. Rev. Lett. 106, 217202 (2011).

• I. Appelbaum, H.D. Drew, and M.S. Fuhrer, “Proposal for a topological spin rectifier”, Appl. Phys. Lett.
98, 023103 (2011).

• B. Huang and I. Appelbaum, “The Larmor clock and anomalous spin dephasing in silicon”, Phys. Rev.

B Rapid Comm. 82, 241202(R) (2010).

• Y. Lu and I. Appelbaum, “Reverse Schottky-Asymmetry Spin Current Detectors”, Appl. Phys. Lett.
97, 162501 (2010).

• H.-J. Jang and I. Appelbaum, “Magnetocurrent of ballistically injected electrons in insulating silicon”,
Appl. Phys. Lett. 97, 182108 (2010).

• J. Garramone, J. Abel, I. Sitnitsky, L. Zhao, I. Appelbaum, and V. LaBella, “Measurement of the hot
electron attenuation length of copper”, Appl. Phys. Lett. 96, 062105 (2010).

• I. Appelbaum, “A Haynes-Shockley Experiment for Spin-Polarized Electron Transport in Silicon”, Solid-
State Electronics 53, 1242 (2009).

• J. Li, and I. Appelbaum, “Modeling spin transport with current-sensing spin detectors”, Appl. Phys.
Lett. 95, 152501 (2009).

• H.-J. Jang, and I. Appelbaum, “Spin Polarized Electron Transport near the Si/SiO2 Interface”, Phys.
Rev. Lett. 103, 117202 (2009).

• B.Q. Huang and I. Appelbaum, “Heterointegrated near-field photodetector for ballistic electron emission
luminescence”, J. Appl. Phys. 105, 086105 (2009).

• R. Gupta, I. Appelbaum, and B.G. Willis, “Reversible Molecular Adsorption and Detection Using In-
elastic Electron Tunneling Spectroscopy in Monolithic Nanoscopic Tunnel junctions”, J. Phys. Chem. C
113, 3874 (2009).

• H.-J. Jang, J. Xu, J. Li, B.Q. Huang, and I. Appelbaum, “Non-ohmic spin transport in n-type doped
Silicon”, Phys. Rev. B 78, 165329 (2008).

• B.Q. Huang, H.-J. Jang, and I. Appelbaum, “Geometric dephasing-limited Hanle effect in long-distance
lateral silicon spin transport devices”, Appl. Phys. Lett. 93, 162508 (2008).

• L. Zhao, B. Huang, O. Olowolafe, and I. Appelbaum, “Bottom-Up-Fabricated Oxide-Metal-Semiconductor
Spin-Valve Transistor”, IEEE Elec. Device Lett. 29, 892 (2008).

• B.Q. Huang and I. Appelbaum, “Spin Dephasing in Drift-Dominated Semiconductor Spintronics De-
vices”, Phys. Rev. B 77, 165331 (2008).

• J. Li, B.Q. Huang, and I. Appelbaum, “Oblique Hanle Effect in Semiconductor Spintronic Devices”,
Appl. Phys. Lett. 92, 142507 (2008).

• B.Q. Huang, D.J. Monsma, and I. Appelbaum, “Coherent spin transport through a 350-micron-thick
Silicon wafer”, Phys. Rev. Lett. 99, 177209 (2007).

• I. Appelbaum, B.Q. Huang, and D.J. Monsma, “Electronic measurement and control of spin transport
in silicon”, Nature 447, 295 (2007).

• B.Q. Huang, D.J. Monsma, and I. Appelbaum, “Experimental realization of a silicon spin field-effect
transistor”, Appl. Phys. Lett. 91, 072501 (2007).

• B.Q. Huang, L. Zhao, D.J. Monsma, and I. Appelbaum, “35% magnetocurrent with spin transport
through Si”, Appl. Phys. Lett. 91, 052501 (2007).

• B.Q. Huang, D.J. Monsma, and I. Appelbaum, “Spin lifetime in silicon in the presence of parasitic
electronic effects”, J. Appl. Phys. 102, 013901 (2007).

• I. Appelbaum and D.J. Monsma, “Transit-Time Spin Field-Effect-Transistor”, Appl. Phys. Lett. 90,
262501 (2007). Jun. 25, 2007 cover

• L. Zhao, P. Thompson, N.N. Faleev, D.W. Prather, and I. Appelbaum, “Two-Photon Passive Electro-
Optic Up-Conversion in a GaAs/AlGaAs Heterostructure Device”, Appl. Phys. Lett. 90, 121132 (2007).

• B.Q. Huang, I. Altfeder, and I. Appelbaum, “Spin-Valve Photo-Transistor”, Appl. Phys. Lett. 90,
052503 (2007). Jan. 29, 2007 cover

• I. Altfeder, B.Q. Huang, I. Appelbaum, and B.C. Walker, “Self-assembly of Epitaxial Monolayers for
Vacuum Wafer Bonding”, Appl. Phys. Lett. 89, 223127 (2006).

• K.J. Russell, V. Narayanamurti, I. Appelbaum, M.P. Hanson, & A.C. Gossard, “Hot-electron mean free
path of ErAs thin films grown on GaAs determined by metal-base transistor ballistic electron emission
spectroscopy”, Phys. Rev. B 74, 205330 (2006).

• M.R. Olson, K.J. Russell, V. Narayanamurti, J.M. Olson, and I. Appelbaum, “Linear photon upconver-
sion of 400 meV in an AlGaInP/GaInP quantum well heterostructure to visible light at room tempera-
ture”, Appl. Phys. Lett. 88, 161108 (2006).

• B.Q. Huang and I. Appelbaum, “Perpendicular Hot-Electron Transport in the Spin-Valve Photodiode”,
J. Appl. Phys. 100, 034501 (2006).

• W. Yi, I. Appelbaum, K.J. Russell, V. Narayanamurti, R. Schalek, M.P. Hanson, and A.C. Gossard,
“Vertically integrated optics for BEEL: Device and microscopy characterizations”, J. Appl. Phys. 100,
013105 (2006).

• I. Appelbaum, P. Thompson, and P.J.A. van Schendel, “A modified Nanosurf scanning tunnelling micro-
scope for ballistic electron emission microscopy and spectroscopy”, Meas. Sci. Technol. 17, N13-N16
(2006).

• W. Yi, I. I. Kaya, I. B. Altfeder, I. Appelbaum, D. M. Chen, and V. Narayanamurti, “Dual-probe scanning
tunneling microscope for study of nanoscale metal-semiconductor interfaces”, Rev. Sci. Instrum. 76,
063711 (2005).

• K.J. Russell, I. Appelbaum, V. Narayanamurti, M.P. Hanson, and A.C. Gossard, “Transverse momentum
Non-Conservation at the ErAs/GaAs interface”, Phys. Rev. B Rapid Comm. 71, 121311(R) (2005).

• I. Appelbaum and V. Narayanamurti, “Monte Carlo calculations for metal-semi-conductor hot-electron
injection via tunnel-junction emission”, Phys. Rev. B 71, 045320 (2005).

• I. Appelbaum, W. Yi, K.J. Russell, V. Narayanamurti, M.P. Hanson, and A.C. Gossard, “Vertically
Integrated Optics for Ballistic Electron Emission Luminescence Microscopy”, Appl. Phys. Lett. 86,
063110 (2005).

• K.J. Russell, I. Appelbaum, W. Yi, F.C. Capasso, D.J. Monsma, C.M. Marcus, V. Narayanamurti, M.P.
Hanson, and A.C. Gossard, “Avalanche Spin-Valve Transistor”, Appl. Phys. Lett. 85, 4502 (2004).

• I. Appelbaum, K.J. Russell, I. Shalish, V. Narayanamurti, M.P. Hanson, and A.C. Gossard, “Ballistic
Hole Emission Luminescence”, Appl. Phys. Lett. 85, 2265 (2004).

• Wei Yi, I. Appelbaum, K.J. Russell, V. Narayanamurti, M.P. Hanson, and A.C. Gossard, “Ballistic
Electron Emission Luminescence of an InAs Quantum Dot Heterostructure”, Appl. Phys. Lett. 85, 1990
(2004).

• I. Appelbaum, T. Wang, J.D. Joannopoulos, & V. Narayanamurti, “Ballistic Hot Electron Transport in
Nanoscale Semiconductor Heterostructures: Exact Self-Energy of a 3-D Periodic Tight Binding Hamil-
tonian”, Phys. Rev. B 69, 165301 (2004).

• I. Appelbaum, K.J. Russell, M. Kozhevnikov, V. Narayanamurti, M.P. Hanson, and A.C. Gossard,
“Room-Temp. Ballistic Electron Emission Luminescence Spectroscopy with a Scanning Tunneling Mi-
croscope”, Appl. Phys. Lett. 84, 547 (2004).

• I. Appelbaum, K.J. Russell, D.J. Monsma, V. Narayanamurti, C.M. Marcus, M.P. Hanson, and A.C.
Gossard, “Luminescent Spin-Valve Transistor”, Appl. Phys. Lett. 83, 4571 (2003).

• I. Appelbaum, D.J. Monsma, K.J. Russell, V. Narayanamurti, and C.M. Marcus, “Spin-Valve Photo-
Diode”, Appl. Phys. Lett. 83, 3737 (2003). Nov. 3, 2003 cover

• I. Appelbaum, K.J. Russell, V. Narayanamurti, D.J. Monsma, C.M. Marcus, M.P. Hanson, A.C. Gossard,
H. Temkin, and C.H. Perry, “Ballistic Electron Emission Luminescence”, Appl. Phys. Lett. 82, 4498
(2003).

• K.J. Russell, I. Appelbaum, H. Temkin, C.H. Perry, V. Narayanamurti, M.P. Hanson, and A.C. Gossard,
“Room-Temperature Electro-Optic Up-Conversion via Internal Photo-Emission”, Appl. Phys. Lett. 82,
2960 (2003).

• I. Appelbaum, R. Sheth, I. Shalish, K.J. Russell, and V. Narayanamurti, “Experimental test of the planar
tunneling model for Ballistic Electron Emission Spectroscopy”, Phys. Rev. B 67, 155307 (2003).

• I. Appelbaum, J.D. Joannopoulos, V. Narayanamurti, “Alternative paradigm for physical computing”,
Phys. Rev. E 66, 66612 (2002).

• R. Martinez, I. Appelbaum, C. V. Reddy, R. Sheth, K. J. Russell, V. Narayanamurti, J.-H. Ryou, U.
Chowdhury, and R. D. Dupuis, “Electron transport through strongly coupled AlInP/GaInP superlat-
tices”, Appl. Phys. Lett. 81, 3576 (2002).

• I. Appelbaum, T. Wang, S. Fan, J.D. Joannopoulos, and V. Narayanamurti, “Can silicon dimers form
logic gates?”, Nanotechnology 12, 391 (2001).

• S. Fan, I. Appelbaum, and J.D. Joannopoulos, “Near-Field Scanning Optical Microscopy as a simultane-
ous probe of photonic crystals”, Appl. Phys. Lett. 75, 3461 (1999).

• P.G. Kwiat, E. Waks, A.G. White, I. Appelbaum, and P.H. Eberhard, “Ultrabright source of polarization-
entangled photons”, Phys. Rev. A 60, R773 (1999).

• National Science Foundation (NSF), “Controllable spin and charge transport in two-dimensional monochalco-
genide semiconductors”, $330,000 (PI, 10/17 - 9/20).

• Office of Naval Research (ONR), “Elemental Tellurium: spin-orbit coupling in 1, 2, & 3 dimensions”,
$510,000 (PI, 08/17 - 7/20).

• NSF, “Harmonic detection of the Majorana fermion in narrow bandgap InAsSb”, $120,000 (PI, 6/14 -
5/15).

• ONR, “Spin-polarized electron transport in intrinsic and extrinsic group-IV semiconductors”, $363,726
(PI, 5/14 - 4/17).

• NSF, “Scalable Digital Spin Logic Devices”, $360,000 (PI, 10/2012 - 9/15).

• Defense Threat Reduction Agency/ U. Michigan, “Spin-Polarized Silicon Photonic and Electronic Inter-
connects”, $650,000 (co-PI, 11/12 - 10/17).

• ONR, “Spins in Silicon: Reduced Dimensions and Novel Material Applications”, $261,472 (PI, 02/11 -
12/13).

• ONR, “Future Spintronics for Today’s Electronics”, $484,370 (PI, 6/08 - 5/11).

• NSF, “CAREER: Silicon Spintronics”, $400,000 (PI, 6/08 - 5/14).

• ONR, “Elements of Silicon-based Spintronic Circuits”, $248,652 (PI, 10/07 - 9/10).

• DARPA, “Silicon Spintronics for Quantum Computation”, $230,000 (PI, 7/07 - 1/09).

• Department of Energy, “Imaging of Buried Nanoscale Luminescent Layers”, $478,433 (PI, 8/07 - 7/10).

• ONR, “All-Electrical Spin Detection in III-V Semiconductors”, $149,557 (PI, 1/06 - 12/06).

• DARPA, “Electron Spin Detection for Silicon Spintronics”, $100,000 (PI, 5/06 - 4/07).

• NSF, “Tunneling Spectroscopy for Nanofabricated Biochemical Sensors”, $240,001 (co-PI, 6/06 - 5/09).

At U. Maryland:

• PHYS273 Intro to Waves (2018)

• PHYS474 Computational Physics (2017-19)

• PHYS404 Statistical Physics (2015-2017)

• PHYS401 Quantum Mechanics I (2010-2012)

• PHYS401 Quantum Mechanics II (2014-2016)

• PHYS731 Solid-State Physics (2011-2013)

• PHYS375 Experimental Optics (2009-2010)

At U. Delaware:

• ELEG667 Magnetism and Spintronics (2004-2006)

• ELEG240 Physical Electronics (2007)

• ELEG646 Nanoelectronic Device Principles (2008)

• ELEG340 Solid-State Electronics (2005-2007)

• Major Departmental Committees Chaired:

– Graduate qualifier exam committee, 2016-2018 (manage authorship and solution of both Classical
and Quantum Physics PhD exams each semester)

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

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

• Editorial Board member, Physical Review B

• Organizer, APS March Meeting: Focus Topic on 2D Semiconductors (2018); Invited symposium, Spin
Accumulation: Experiment and Theory Behind the Controversy (2015, also chaired); Focus Session on
Spin Dependent Phenomena in Semiconductors (2009).

• Proposal reviewer: NSF (ECCS panel 9/08, 1/10, 5/11, 11/12, 2/16, 3/18), Research Corporation, DOE,
EPSCoR, Defense Threat Reduction Agency, Science Foundation Ireland, Icelandic Centre for Research,
Israel Science Foundation, Austrian Science Fund

• Referee: Physical Review Letters, Physical Review B, Nature Physics/ Nanotech/ Materials/ Communi-
cations, Appl. Phys. Lett., Europhys. Lett., J. Appl. Phys., J. Magn. Magn. Mat., Semiconductor Sci.
and Tech., etc.

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

• 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), Chinese-
American Kavli Frontiers in Science Symposium, US National Academy of Sciences (2008)

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

• Nominator: MacArthur Foundation Fellows Program (2017), Nobel Prize in Physics (2018)

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

• 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.

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

• 2010 “Highly Commended”: IUPAP Young Scientist Prize in Semiconductor Physics

• 2009 NSF CAREER award

• 2008 Outstanding Junior Faculty Member for the College of Engineering (Delaware)

• 2007 Cambridge NanoTech Research Award

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

• 1998 Hertz Foundation - Grant recipient

• 1996 Rensselaer Founder’s Award
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