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Citations (Google Scholar)
Over 93000
H-index (Google Scholar) 144

Publications
Over 500 hundred peer reviewed journals

Patents
70 US patents

KEY ACHIEVEMENTS
Bandstructure Engineering and Quantum Cascade Lasers (QCLs)

Capasso and his Bell Labs collaborators over a 20-year period pioneered band-structure engineering,
a technique to design and implement artificially structured (“man-made”) semiconductor, materials, and
related phenomena/ devices, which revolutionized heterojunction devices in photonics and electronics.
Quantum Cascade lasers represent the most important highlight of this research. Invented and
demonstrated by Capasso and his group (Science 264, 553 (1994), over 6000 citations). Unlike diode
laser they are unipolar lases based on new operating principle. Their emission wavelength can be
tailored over an extreme broad range by changing nanometer layer thickness while using the same
materials. They have revolutionized mid-infrared photonics, as they represent the first high performance
and reliable semiconductor lasers for this technologically and scientifically important spectral region.
They are finding widespread use in scientific and industrial applications: high-resolution spectroscopy,
chemical sensing and trace gas analysis, atmospheric chemistry, combustion and medical diagnostics.
They are widely commercialized by many companies.

Metasurfaces and Flat optics

The seminal paper (Science 334 333 (2011), over 5500 citations) of Capasso and his group is widely
recognized has the one which introduced subwavelength structured surfaces (metasurfaces) as a
powerful and flexible tool for wavefront control by judicious design of the local phase, amplitude and
polarization. This paper generalized the textbook laws of reflection and refraction and demonstrated
them for a general class of designer metasurfaces. Capasso pioneered the use of metasurfaces as a
platform for Flat Optics demonstrating metalenses with superior aberration control compared to
conventional diffractive optics (Fresnel) and refractive optics, with much less thickness and complexity
and ease of optical alignment. Highlights are the first high performance diffraction limited dielectric
metalens in the visible (Science 352, 1190 (2016), over 1750 citations), the first single broadband
achromatic lens and the correction of third order aberration including field curvature with a single
metaoptic. This work triggered a large scale scientific and industrial effort, propelled by Capasso’s
vision that since metaoptic can be fabricated by large scale fabrication techniques of semiconductor
industry (DUV lithography), this will lead to a convergence of CMOS technology and lens making.
Metasurfaces have therefore major advantages with respect to bulk metamaterials in terms of
technological impact. The latter suffer from major fabrication complexities at optical wavelengths,
greatly limiting their application potential.

In the area of polarization, the impact of flat optics has also been major leading to new compact high
performance in line and terminating polarimeters. A powerful generalization of Fourier optics
introduced (Matrix Fourier Optics ) by Capasso' and his team has led them to the demonstration of a
new single shot ultracompact polarization sensitive camera consisting of a single metasurface and a



sensor, which pixel by pixel reconstruct in real time the full Stokes vector of the scene, exhibiting
superior performance to existing cameras based on division of amplitude, time and focal plane
(Science 365, DOI: 10.1126/science.aax1839 (2019), 130 citations)

Capasso has published many seminal breakthrough papers on plasmonic metasurfaces. He
demonstrated collimators on the facet of semiconductor laser for beam shaping in the near- and far-
field, the earliest successful application of metasurfaces in active devices. He has obtained
fundamental new results on the propagation of surface plasmons, such as the polarization controlled
directional coupling of surface plasmon polaritons leading him to the first direct evidence of spin
momentum locking in optics, and the demonstration of a localized long-range nondiffracting surface
wave, the Cosine-Gauss plasmon beam.

In a highly cited paper (Science 328 1135 (2010), 1440 citations) he and Naomi Halas group
demonstrated core-shell nanoparticles clusters (trimers, quadrumers and heptamers) as building
blocks of a new class of optical materials, exhibiting magnetic activity in the near infrared and giant
Fano resonances

Casimir forces

This research has focused on basic studies of the Casimir effect, i.e. the attractive force between
uncharged metals and dielectrics, with the goal of designing these quantum electrodynamical forces by
control of quantum fluctuations through changes (shapes and materials) of the boundary conditions of
the electromagnetic fields. Highlights of this highly cited work are:
¢ Demonstration of actuators using the Casimir force, based on MEMS (Science 291, 1941 (2001)
1000 citations). This work explored the limits imposed by QED on MEMS technology and its
potential in modifying and designing these forces
e First measurement of the repulsive Casimir-Lifshitz force (Nature 457 170, (2009), 660 citations)
an effect first predicted in the nineteen sixties, the Capasso proposed as a tool to control friction
in new ways.

Entrepreneurship

2010 Cofounded EOS Photonics to market Quantum Cascade Laser based sensors of
gases for security; standoff detection of hazardous vapors and condensed phase
materials; molecular spectroscopy and power scaling. It merged in 2015 with Pendar
Medical to form Pendar Technologies (http://www.pendartechnologies.com/) which is
focused on bringing breakthrough portable analysis and monitoring systems to
market.

2016 Cofounded Metalenz (http://metalenz.com) focused on bringing to market metalenses
for high-volume applications (cell phones and sensors). It is supported by major
strategic investors such as Intel, 3M and Applied Materials and had in 2021 its first
major product launch:
https://www.metalenz.com/press-release-metalenz-launches-orion-the-worlds-
simplest-most-compact-dot-pattern-projector/
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Honorary issue of Nanophotonics (Volume 7, Issue 6, Jun 2018) for
Federico Capasso on “Metamaterials & Metasurfaces”

Honorary Doctorate University Paris Diderot, France

Honorary Doctor of Technology, Lund University, Sweden

Honorary Doctorate in Materials Science, University of Roma lll, Italy
Honorary Doctorate in Electrical Engineering, University of Bologna, Italy
Commendatore of the Italian Republic



Federico Capasso

All

Harvard University L

. Citations 93423
physics . h-index 144
optics and photonics i10-index 696
nanotechnology
QED

TITLE CITED BY

Engineering phase and polarization singularity sheets
SWD Lim, JS Park, ML Meretska, AH Dorrah, F Capasso
Nature Communications 12 (1), 1-10

Multifunctional wide-angle optics and lasing based on supercell
metasurfaces

C Spagele, M Tamagnone, D Kazakov, M Ossiander, M Piccardo, ...
Nature Communications 12 (1), 1-10

Soliton dynamics of ring quantum cascade lasers with injected signal 2
F Prati, M Brambilla, M Piccardo, LL Columbo, C Silvestri, M Gioannini, ...
Frontiers in Optics and Photonics, 197-210

A quantum cascade laser-pumped molecular laser tunable over 1 THz
A Amirzhan, P Chevalier, J Rowlette, HT Stinson, M Pushkarsky, T Day, ...
arXiv preprint arXiv:2105.13326

Meta-lens doublet for aberration correction
B Groever, WT Chen, F Capasso
US Patent App. 16/610,896

Planar achromatic and dispersion-tailored meta-surfaces in visible spectrum
WT Chen, V Sanjeev, AY Zhu, M Khorasaninejad, SHI Zhujun, F Capasso
US Patent App. 16/616,915

Slow Light Nanocoatings for Ultrashort Pulse Shaping
M Ossiander, YW Huang, WT Chen, Z Wang, X Yin, YA lbrahim, ...
arXiv preprint arXiv:2105.06805

Ultra-compact, aberration corrected, visible chiral spectrometer with meta-

lenses
AY Zhu, WT Chen, M Khorasaninejad, J Oh, A Zaidi, RC Devlin, ...
US Patent App. 16/471,549

Reply to: Reconsidering metasurface lasers
H Sroor, YW Huang, B Sephton, D Naidoo, A Vallés, V Ginis, CW Qiu, ...
Nature Photonics 15 (5), 339-340

Unifying Frequency Combs in Active and Passive Cavities: Temporal 4
Solitons in Externally Driven Ring Lasers

Since 2016

41789
88
396

YEAR

2021

2021

2021

2021

2021

2021

2021

2021

2021

2021



TITLE

L Columbo, M Piccardo, F Prati, LA Lugiato, M Brambilla, A Gatti, ...
Physical Review Letters 126 (17), 173903

Inverse design enables large-scale high-performance meta-optics
reshaping virtual reality

Z Li, R Pestourie, JS Park, YW Huang, SG Johnson, F Capasso
arXiv preprint arXiv:2104.09702

Achromatic Metasurface Optical Components by Dispersive Phase
Compensation

F Aieta, M Kats, P Genevet, F Capasso, M Khorasaninejad
US Patent App. 17/029,157

Spectrally resolved linewidth enhancement factor of a semiconductor

frequency comb
N Opacak, F Pilat, D Kazakov, SD Cin, G Ramer, B Lendl, F Capasso, ...
arXiv preprint arXiv:2104.05747

Aberration correctors based on dispersion-engineered metasurfaces
WT Chen, AY Zhu, JFG Sisler, F Capasso
US Patent App. 16/971,150

Roadmap on multimode light shaping
M Piccardo, V Ginis, A Forbes, S Mahler, AA Friesem, N Davidson, H Ren, ...
arXiv preprint arXiv:2104.03550

Metasurface optics for on-demand polarization transformations along the

optical path
AH Dorrah, NA Rubin, A Zaidi, M Tamagnone, F Capasso
Nature Photonics 15 (4), 287-296

On-chip optical tweezers based on freeform optics
S Yu, J Lu, V Ginis, S Kheifets, SWD Lim, M Qiu, T Gu, J Hu, F Capasso
Optica 8 (3), 409-414

Endoscopic imaging using nanoscale metasurfaces
H Pahlevaninezhad, M Khorasaninejad, YW Huang, SHI Zhujun, M Suter, ...
US Patent App. 16/772,644

Will flat optics appear in everyday life anytime soon?
WT Chen, F Capasso
Applied Physics Letters 118 (10), 100503

Manipulating frequency comb regimes in semiconductor ring lasers
D Kazakov, M Piccardo, B Schwarz, N Opacak, M Beiser, Y Wang, S Jha, ...
Novel In-Plane Semiconductor Lasers XX 11705, 117050R

Monolithic focusing metasurfaces
ML Meretska, SWD Lim, F Capasso
High Contrast Metastructures X 11695, 1169509
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TITLE

Frequency comb seeding of a single-mode near-infrared semiconductor
laser

J Lautenschlager, D Auth, C Weber, L Wegert, D Kazakov, A Klehr, ...

Novel In-Plane Semiconductor Lasers XX 11705, 1170504

Arbitrary control of Jones matrix properties in a metasurface diffraction

grating using matrix Fourier optics
A Zaidi, NA Rubin, A Dorrah, JS Park, F Capasso
High Contrast Metastructures X 11695, 116951K

Polarization-controlled holography using dielectric metasurfaces
A Zaidi, N Rubin, A Dorrah, F Capasso
Practical Holography XXXV: Displays, Materials, and Applications 11710, 1171006

Electrically tunable metasurfaces by a single electro-optic layer
IC Benea-Chelmus, M Meretska, M Tamagnone, DL Elder, LR Dalton, ...
Optical Components and Materials XVIII 11682, 1168211

Frequency combs and temporal solitons in a coherently driven ring quantum
cascade laser

LL Columbo, F Prati, LA Lugiato, A Gatti, M Gioannini, C Silvestri, ...

Novel In-Plane Semiconductor Lasers XX 11705, 117050Y

Polarization-dependent holography with metasurfaces
NA Rubin, A Zaidi, A Dorrah, Z Shi, F Capasso
High Contrast Metastructures X 11695, 1169511

Singularity engineering: sculpting the dark
SWD Lim, JS Park, ML Meretska, AH Dorrah, F Capasso
Physics and Simulation of Optoelectronic Devices XXIX 11680, 1168018

Mid-infrared frequency combs based on semiconductor lasers
B Schwarz, M Beiser, S Dal Cin, J Hillbrand, N Opacak, G Strasser, ...
Novel In-Plane Semiconductor Lasers XX 11705, 117050S

Transvers to longitudinal structuring of light with metasurfaces
F Capasso, AH Dorrah, NA Rubin, M Tamagnone, A Zaidi
High Contrast Metastructures X 11695, 116950F

How a near-infrared frequency-modulated semiconductor comb laser turns

into an amplitude-modulated comb
L Wegert, D Kazakov, M Ossiander, D Auth, J Hillborand, VV Koreney, ...
Novel In-Plane Semiconductor Lasers XX 11705, 1170507

Harmonic mode-locking order and pulse width control of an amplitude-
modulated frequency comb by optical self-injection

S Meinecke, D Auth, M Ossiander, D Kazakov, C Weber, L Jaurigue, ...

Novel In-Plane Semiconductor Lasers XX 11705, 117050A

Polarization state generation with a metasurface
NA Rubin, F Capasso
US Patent App. 16/964,058
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Meta-optics achieves RGB-achromatic focusing for virtual reality
Z Li, P Lin, YW Huang, JS Park, WT Chen, Z Shi, CW Qiu, JX Cheng, ...
Science Advances 7 (5), eabe4458

Jones matrix holography with metasurfaces
NA Rubin, A Zaidi, A Dorrah, Z Shi, F Capasso
arXiv preprint arXiv:2012.14874

Band-structure engineering of new photonic materials: high performance

mid-infrared quantum cascade lasers
F Capasso
Semiconductor Quantum Optoelectronics, 391-432

Broadband multifunctional efficient meta-gratings based on dielectric

waveguide phase shifters
M Khorasaninejad, F Capasso
US Patent 10,866,360

Second harmonic generation in AllnAs/GalnAs asymmetric coupled
quantum wells

C Sirtori, F Capasso, DL Sivco, AY Cho

Gallium Arsenide and Related Compounds 1991, 625-630

Mode-locked short pulses from an 8 um wavelength semiconductor laser
J Hillborand, N Opacak, M Piccardo, H Schneider, G Strasser, F Capasso, ...
Nature communications 11 (1), 1-7

Improving the light collection efficiency of silicon photomultipliers through
the use of metalenses

AAL Villalpando, J Martin-Albo, WT Chen, R Guenette, C Lego, JS Park, ...
Journal of Instrumentation 15 (11), P11021

Achromatic metasurface optical components by dispersive phase
compensation

F Aieta, M Kats, P Genevet, F Capasso, M Khorasaninejad
US Patent 10,816,815

Widely-tunable harmonic frequency comb in a quantum cascade laser
M Piccardo, D Kazakov, F Capasso, P Chevalier
US Patent App. 16/956,294

Metasurface flat optics: from high-performance components to cameras
F Capasso
Nanophotonics and Micro/Nano Optics VI 11556, 1155602

Response to Comment on Widely tunable compact terahertz gas lasers
P Chevalier, A Amirzhan, F Wang, M Piccardo, SG Johnson, F Capasso, ...
arXiv preprint arXiv:2008.11691

Compact mode-division multiplexing with folded metasurfaces
J Oh, WT Chen, K Li, J Yang, MJ Li, P Dainese, F Capasso
Metamaterials, Metadevices, and Metasystems 2020 11460, 114602N
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TITLE

Optical properties of metasurfaces infiltrated with liquid crystals
A Lininger, AY Zhu, JS Park, G Palermo, S Chatterjee, J Boyd, F Capasso, ...
Proceedings of the National Academy of Sciences 117 (34), 20390-20396

Roll-to-roll dielectric metasurfaces
XYin, JS Park, KK Stensvad, RL Brott, N Rubin, MB Wolk, F Capasso
Metamaterials, Metadevices, and Metasystems 2020 11460, 114600S

40-3: Invited Paper: A Large RGB-achromatic Metalens for
Virtual/Augmented Reality Applications

Z Li, P Lin, YW Huang, JS Park, WT Chen, Z Shi, JX Cheng, F Capasso
SID Symposium Digest of Technical Papers 51 (1), 575-578

Flat optics with dispersion-engineered metasurfaces
WT Chen, AY Zhu, F Capasso
Nature Reviews Materials 5 (8), 604-620

High-purity orbital angular momentum states from a visible metasurface
laser

H Sroor, YW Huang, B Sephton, D Naidoo, A Valles, V Ginis, CW Qiu, ...
Nature Photonics 14 (8), 498-503

Remote structuring of near-field landscapes
V Ginis, M Piccardo, M Tamagnone, J Lu, M Qiu, S Kheifets, F Capasso
Science 369 (6502), 436-440

Enhancing the modal purity of orbital angular momentum photons
| Nape, B Sephton, YW Huang, A Vallés, CW Qiu, A Ambrosio, F Capasso, ...
APL Photonics 5 (7), 070802

Ultrashort pulses from a 8 ym wavelength semiconductor laser
J Hillbrand, N Opacak, M Piccardo, H Schneider, G Strasser, F Capasso, ...
Optics and Photonics for Sensing the Environment, EW4H. 3

Tunable quantum-cascade laser pumped molecular lasers for terahertz
imaging

P Chevalier, A Amirzhan, F Wang, M Piccardo, SG Johnson, F Capasso, ...

Optical Sensors, SM3E. 2

Topology optimized multi-layered meta-optics
Z Lin, F Capasso, AW Rodriguez, M Loncar, B Groever
US Patent App. 16/623,378

Continuous angle-tunable birefringence with freeform metasurfaces for
arbitrary polarization conversion

Z Shi, AY Zhu, Z Li, YW Huang, WT Chen, CW Qiu, F Capasso
Science Advances 6 (23), eaba3367

Frequency combs induced by phase turbulence
M Piccardo, B Schwarz, D Kazakov, M Beiser, N Opacak, Y Wang, S Jha, ...
Nature 582 (7812), 360-364
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Imaging of surface plasmon polaritons in low-loss highly metallic titanium 12
nitride thin films in visible and infrared regimes

MN Gadalla, K Chaudhary, CM Zgrabik, F Capasso, EL Hu

Optics express 28 (10), 14536-14546

Room Temperature Compact Terahertz Laser Tunable over 1 THz
A Amirzhan, P Chevalier, F Wang, M Piccardo, SG Johnson, HO Everitt, ...
2020 Conference on Lasers and Electro-Optics (CLEO), 1-2

Ring Laser Frequency Combs Enabled by Phase Turbulence and Their
Connection to Kerr Combs

M Piccardo, B Schwarz, D Kazakov, M Beiser, N Opacak, Y Wang, S Jha, ...

2020 Conference on Lasers and Electro-Optics (CLEO), 1-2

A metalens-based virtual reality (VR)/augmented reality (AR) system
Z Li, P Lin, YW Huang, JS Park, WT Chen, Z Shi, JX Cheng, F Capasso
CLEO: Applications and Technology, ATh4l. 2

High Q-factor resonators and nanoantennas based on phonon polaritons in
van der Waals materials

M Tamagnone, M Meretska, K Chaudhary, CM Spagele, A Zhu, J Li, ...
CLEO: QELS_Fundamental Science, FTh4N. 2

Longitudinally variable polarization optics 1
AH Dorrah, NA Rubin, A Zaidi, M Tamagnone, F Capasso
2020 Conference on Lasers and Electro-Optics (CLEO), 1-2

Total Angular Momentum Management of Three Dimensional Vortices with
a Single Plate

AH Dorrah, NA Rubin, A Zaidi, M Tamagnone, F Capasso
CLEO: QELS_Fundamental Science, FM2B. 1

Designer Structured Light with Metasurfaces
F Capasso
CLEO: Science and Innovations, JM3N. 1

Metasurface-based external cavity diode laser
CM Spéagele, M Tamagnone, D Kazakov, M Piccardo, F Capasso
2020 Conference on Lasers and Electro-Optics (CLEO), 1-2

Shaping harmonic frequency combs in ring injection lasers by defect 1
engineering

D Kazakov, M Piccardo, M Beiser, N Opacak, Y Wang, A Belyanin, ...

CLEO: Science and Innovations, STh3E. 8

Controlling dispersion in multifunctional metasurfaces 7
J Sisler, WT Chen, AY Zhu, F Capasso
APL Photonics 5 (5), 056107

Hot-carrier extraction in nanowire-nanoantenna photovoltaic devices 11
IJ Chen, S Limpert, W Metaferia, C Thelander, L Samuelson, F Capasso, ...
Nano letters 20 (6), 4064-4072
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Super-dispersive off-axis meta-lenses for high resolution compact 1
spectroscopy

M Khorasaninejad, F Capasso, WT Chen, J Oh

US Patent 10,634,557

Imaging with high-efficiency and multifunctional metalenses (Conference
Presentation)

WT Chen, F Capasso
Image Sensing Technologies: Materials, Devices, Systems, and Applications ...

Immersion meta-lens at visible wavelengths for diffraction-limited imaging
WT Chen, AY Zhu, M Khorasaninejad, SHI Zhujun, F Capasso, V Sanjeev
US Patent App. 16/499,838

Matrix Fourier optics and compact full-Stokes polarization imaging with
metasurfaces (Conference Presentation)

NA Rubin, G D'Aversa, P Chevalier, Z Shi, WT Chen, F Capasso

Nanophotonics VIII 11345, 1134502

Recent advances in metasurface flat optics (Conference Presentation)
F Capasso
Photonic and Phononic Properties of Engineered Nanostructures X 11289, 1128901

Ultrahigh Angular Selectivity of Disorder-Engineered Metasurfaces 3
M Haghtalab, M Tamagnone, AY Zhu, S Safavi-Naeini, F Capasso
ACS Photonics 7 (4), 991-1000

Ultrafast gain dynamics in quantum cascade lasers: new coherent

phenomena and their applications (Conference Presentation)
F Capasso
Novel In-Plane Semiconductor Lasers XIX 11301, 1130115

High purity twisted light from a metasurface solid state resonator
H Sroor, YW Huang, B Sephton, D Naidoo, A Vallés, V Ginis, Q Zhan, ...
Solid State Lasers XXIX: Technology and Devices 11259, 112590H

Generation of arbitrary higher order Poincaré beams from a visible

metasurface laser
H Sroor, YW Huang, B Sephton, D Naidoo, A Valles, V Ginis, Q Zhan, ...
Laser Resonators, Microresonators, and Beam Control XXII 11266, 112660L

Inverse design of absorptive chiral metasurfaces (Conference Presentation)
AY Zhu, Z Shi, WT Chen, YW Huang, CW Qiu, F Capasso
Photonic and Phononic Properties of Engineered Nanostructures X 11289, 112890Q

Stimulated Raman scattering imaging by an achromatic metalens

(Conference Presentation)
P Lin, WT Chen, KMA Yousef, AY Zhu, J Marchioni, J Wu, F Capasso, ...
Advanced Chemical Microscopy for Life Science and Translational Medicine ...
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Picosecond pulses from an actively mode-locked quantum cascade laser

(Conference Presentation)
B Schwarz, J Hillbrand, M Piccardo, AM Andrews, H Detz, H Schneider, ...
Quantum Sensing and Nano Electronics and Photonics XVII 11288, 1128810

Polarization-sensitive nano-optic endoscope (Conference Presentation)
H Pahlevaninezhad, YW Huang, DC Adams, M Khorasaninejad, Z Shi, ...
Endoscopic Microscopy XV 11214, 112140U

In-water fiber-optic evanescent wave sensing in the mid-infrared
P Chevalier, M Piccardo, F Capasso
Photonic Instrumentation Engineering VIl 11287, 1128711

In-phase and anti-phase synchronization in a laser frequency comb 28
J Hillbrand, D Auth, M Piccardo, N Opacak, E Gornik, G Strasser, ...
Physical review letters 124 (2), 023901

Widely tunable compact terahertz gas lasers (vol 366, pg 856, 2019)
P Chevalier, A Amirzhan, F Wang, M Piccardo, SG Johnson, F Capasso, ...
Science 368 (6491)

Purity and efficiency of hybrid orbital angular momentum-generating 5
metasurfaces

B Sephton, YW Huang, A Ambrosio, CW Qiu, A Vallés, T Omatsu, ...
Journal of Nanophotonics 14 (1), 016005

Active metasurfaces for advanced wavefront engineering and waveguiding 1
F Capasso, A Boltasseva, M Brongersma, M Loncar, N Engheta, N Yu, ...
HARVARD COLL CAMBRIDGE MA CAMBRIDGE United States

Widely tunable compact terahertz gas lasers 27
P Chevalier, A Amirzhan, F Wang, M Piccardo, SG Johnson, F Capasso, ...
Science 366 (6467), 856-860

All-glass, large metalens at visible wavelength using deep-ultraviolet 58
projection lithography

JS Park, S Zhang, A She, WT Chen, P Lin, KMA Yousef, JX Cheng, ...

Nano letters 19 (12), 8673-8682

Optical devices including rotary variable optical elements
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