
ABSTRACT

NONLINEAR OPTICS AT NANOSCALE

Nowadays structures with nanometric size are produced and integrated in different photonic devices and applications. At this scale light-matter interaction displays 
completely new phenomena. Understanding how light interacts at the nanoscale with metals, semiconductors, or ordinary dielectrics is pivotal if one is to properly 

engineer and implement nano-antennas, filters and, more generally, devices that aim to harness the effects of new physical phenomena that manifest themselves at 
the nanoscale. For this reason, we study experimentally the processes of second and third harmonic generation in different nanolayers and compare our 

measurements with numerical results based on our theoretical model which allows us to understand and explain the light-matter interaction at the nanoscale. 
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SECOND AND THIRD HARMONIC GENERATION
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➡SHG and THG are two NL processes.

➡The input wave interacts with the NL material. 
As a result, the frequency of the output waves is 
doubled (SHG) or triplicated (THG).


➡As NL material we use structures with nanometric 
size. 

➡SH and TH signals are generated in transmission 
and in reflection. Our experimental set-up allows us 
to measure the signals in both configurations.


➡We compare the experimental results with 
numerical simulations that allow us to understand 
the observations.


EXPERIMENTAL SET-UP HARMONIC GENERATION FROM GaAs AND ITO
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1. Measurements: we take measurements of the harmonic signal as a function of 
the angle of incidence and input wavelength.


2. Simulations: reproducing the experimental situation we calculate the nonlinear 
polarization and with Maxwell’s equations we extract the fields.


3. A very good agreement is found.

SURFACE NONLINEAR OPTICS

GaAs wafer ITO nanolayer Gold nanoantenas

➡Bulk contribution to the SHG drastically decrease and other terms like MD and EQ become important
➡New light-matter interaction phenomena:
➡Conventional approximations no longer valid

PNL = PED + PMD + PEQ + . . .

Gold nanolayer
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OPPOSITE PAGE: Dan Baechle, right, a mechanical engineer with the U.S. Army Research Laboratory, uses high-
speed motion sensor OptiTrack cameras mounted around the test area to monitor a mechatronic arm exoskele-
ton’s effect on simulated shooting. Sean Averill, a Drexel University Mechanical engineering student, assists with 
the project. (U.S. Army photo by Doug LaFon)

ABOVE: Natick Soldier Research, Development and Engineering Command’s virtual reality dome enables 
researchers to assess the impact of the environment on Soldier cognition, including decision-making, spatial 
memory or wayfinding. Researchers will also be able to assess the impact of new equipment on cognitive abili-
ties. (U.S. Army photo by David Kamm)

U.S. ARMY RESEARCH,  
DEVELOPMENT AND  
ENGINEERING COMMAND

he U.S. Army Research, Development and Engineering Command (RDECOM), 
a subordinate of U.S. Army Materiel Command, has almost 14,000 scientists, 

engineers and other professionals working worldwide on a strategic portfolio that 
balances the development of technology-enabled solutions for the current fight with 
investments in future capabilities to give the Army a decisive advantage. 

T

INTRODUCTION
To accomplish its critical mission, RDECOM is composed of six Research, 
Development and Engineering Centers and the Army Research Laboratory, and 
is the focal point for integrating and accelerating innovative technologies. 

Headquartered at Aberdeen Proving Ground, Maryland, RDECOM maintains 
thousands of active domestic and international partnerships within a global 
science and technology ecosystem, including agreements with academic 
institutions, small business, industry and other government agencies. 

These relationships, combined with its workforce, give the command the reach, 
position, scale and technical expertise to ensure decisive capabilities for today’s 
Soldiers and the future Army, as well as foundational capabilities for the joint 
warfighter. They also allow RDECOM to bridge the requirements community of 
the Training and Doctrine Command, which defines future Army needs, and the 
Assistant Secretary of the Army (Acquisition, Logistics and Technology) Program 
Manager community, which brings those capabilities to the field.

PRIMARY LOCATIONS  
•  Aberdeen Proving Ground,  

Maryland – Headquarters 

• Adelphi, Maryland

• Natick, Massachusetts

• Picatinny, New Jersey

• Redstone Arsenal, Alabama

• Warren, Michigan

CORE COMPETENCIES
•  Fundamental and  

applied research

•  Technology development and engi-
neering

•  Technology-enabled capability 
demonstrations

• Enterprise efficiencies

• External engagement and support

BULK NONLINEAR OPTICS

NONLINEAR POLARIZATION

Experimental set-up implemented for the measurement of SH and TH signals. 
The detection platform is mounted on a rotating arm to be used for (a) 
transmission and (b) reflection measurements.

BBO crystal LilO3 crystal

➡Higly NL material
➡High SHG efficiencies
➡PED = ϵ0[χ(1)E + χ(2)E2 + χ(3)E3 + . . . ]
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