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ABSTRACT:

Tiffany Ko, an Electrical Engineering undergradustiedent at Princeton University
traveled to the host institution Scuola Normale Sigye in Pisa, Italy. During her
three month visit, she investigated various THzefgctronic materials and device.
She gained in-depth experience with new experinhexgaipment and techniques,
greatly applicable to future work. Her visit wdsaavery regionally and culturally
educational. Without any previous exposure to peam culture, Ko gained a new
international perspective. As an Asian-Americamdée, she added diversity to both
the Italian community and predominantly male woaga. Consequently, she was
also able to both share and learn from her colleagu several aspects. In sum, the
international travel was a rich educational experge that fostered strong
international relationships and additional futuoiaborations.

INTRODUCTION

International travel and research abroad allowméividual to gain not only a different
academic and scientific perspective, but also eégpee a paradigm shift in a different
work environment within a different culture. Thssespecially rewarding early in one’s
career.

The traveler, Tiffany Ko, is an undergraduate stdmirrently in her junior year at the
awardee institution, Princeton University. Shewerking towards a Bachelor’s in

Electrical Engineering with certificates (minors) Engineering Biology and Material

Science. Prior to travel, she conducted resedré&triaceton University under Professor
Claire Gmachl involving mid-infrared materials adevices with a strong focus in mid-
IR quantum cascade (QC) lasers.



The international exchange, which occurred fromeJust — August 27th 2007, provided
the student with an internship at a research fgaln the campus of the Scuola Normale
Superiore di Pisa, a prestigious international ersity located in Pisa, Italy. The
research facility is funded by the National Entexpr for nanoScience and
nanoTechnology (NEST) organization. The princgtentist whom Ko worked under is
Dr. Alessandro Tredicucci. Dr. Tredicucci's groigpwell known for their research in
THz optoelectronic devices. In this regard, thdicgated research topic, THz
optoelectronics, was a nice extension from theesitisl previous experience and interest.

As such, the goals of the collaboration were tovalthe student a unique immersion
opportunity in a different culture and working emviment. Investigation and research
experience in a different regime of optical devicesuld broaden the student’s

technological knowledge base. In addition, by vimgkin a different experimental lab,

there would be opportunity to learn new and différexperimental techniques. With a
biological knowledge base, the student was equiggpetbntribute towards an ongoing
biological spectroscopy research effort in the Habbratory. The host lab would also
benefit from the new perspective of a student \pivious work experience in a similar
experimental lab.

RESEARCH ACTIVITIESAND ACCOMPLISHMENTSOF THE
INTERNATIONAL COOPERATION

There was a broad range of research opportunitiadahle at the hosting laboratory.
Working under lead scientist Dr. Alessandro Tred@uvere one researching scientist,
three post-docs, three doctorate students, andutwdergraduate students. Research
topics, all mostly pertaining to the optical THxyimee, ranged from quantum cascade
lasers to cavity-enhanced polariton emitters. Kwok&d on several projects: autonomous
control of LIV characterization measurements forZTgiantum cascade lasers, THz QC
laser design, THz light generation using a nondingHz QC laser medium, THz
absorption of CdSe nanorods, and bleaching of g@alaritons.

From previous research experience under Prof. Gin#toh student had acquired an
aptitude in LabVIEW programming, a language useidhgrly for remote control of
experimental equipment used for signal generatiwh raeasurement/analysis. Utilizing
this, she designed and executed a program (Fighith enabled the host lab to remotely
set parameters and autonomously run Light-Curresitage (LIV) characterization
measurements on THz QC lasers. This program wa#asiin many respects to a
program previously written and designed for chanmdzing the shorter wavelength mid-
infrared QC lasers utilized at MIRTHE. While wanki on this project, Ko interacted
with many members of the host laboratory, incorfiogasuggestions and requests.

Next, focus was turned to THz non-linear light gaien using a THz QC laser as a non-
linear medium. This device was designed, growd, sent from the lab of Carlo Sirtori,

a collaborating group located at the UniversityPairis. Previous work has shown this
THz QC laser capable of mapping its normal THz siaisonto an injected near-infrared



(NIR) beam using difference frequency generatedb&dds (Fig.2) [1]. Thus, there was
interest in investigating if non-linear THz lighowd be generated when a broadband
NIR source, centered on the original injected Nigjfiency, but also containing the two
known sideband frequencies were injected. Bectheseonversion efficiency was low,
in order to generate some measurable amount df kghigh-power ultrafast NIR laser
source was used. Primarily working with post-dachard Green, but also scientist Ji-
hua Xu who was in charge of the ultrafast laser, désigned, setup, and performed
measurements by aligning the ultrafast NIR beam,TtHz QC laser, and a broadband,
fast-response pyroelectric averaging optical posetector (Fig. 3). Unfortunately, the
power of the injection laser damaged the sample aodresults were obtained).
However, similar non-linear media are under ingzgton at MIRTHE and the new
knowledge and experimental techniques learned &ysthdent are potentially useful in
future research at MIRTHE.

The next endeavor involved measuring the THz alasub of CdSe nanorods as a
function of incident visible light. The absorptitines of the CdSe nanorods fall in the
visible wavelengths, thus by increasing the magieitof incident white light, the
population of excitons should increase, changirgltHz absorption. Once analyzed, the
measured changes in THz absorption magnitude aogidncy would give great insight
into the electrical properties and physical coesisy of the nanorods. The nanorods
were sent from collaborators in another nationbldad designed and fabricated as per
[2]. With the assistance of post-doc David Barate doctorate student Aji Annapara,
scanning electron microscope (SEM) imagery (Fig. wgs taken and absorption
measurements were setup using a Fourier-transforinaréd spectrometer (FTIR)
equipped with a room-temperature, THz DTGS detectdthe measurements were
inconclusive due to significant noise to signalaatEquipment failure prevented further
investigation. However, the student learned vdkialmeasurement techniques and
specialized knowledge concerning the operatiomefRTIR, a commonly used device in
analysis in MIRTHE labs and experimental photoiricgeneral.

Near the end of her stay, the student began anptb@rct with Annapara regarding his
work with polaritons in intersubband microcavitie¥o’s visit proved to be a rich

intellectual experience. She was able to work w#klieral new optoelectronic materials
and devices which involved learning additional famebntal knowledge, in-depth
operation of instrumentation, and applicable meament techniques, all of which
contributed to her growth as a student and researdm turn, she was able to contribute
a new perspective and apply her own expertise sistathe members of the NEST
research group.

BROADER IMPACTSOF THE INTERNATIONAL TRAVEL

Prior to the international travel supported by supplemental award, Ko, a U.S.-born
Asian-American citizen, had never travelled to Ewo This was her first international
work experience. Many of the host laboratory resess were internationals
themselves, nationalities including Greek, Span®&hiss, British, Chinese, and Indian.
Though there was a female lead scientist withinNEST administration, of the research
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staff and students only a very small portion wemadle. Thus Ko brought both multi-
national and gender diversity to the workplace.

Additionally, for the first two months, Ko took fidence in a university dormitory.
Granted the international prestige of the univgrshe was able to meet top-tier students
from all over the world who received full-fundeduedtion, room, and board through the
university. These included individuals of Germdfrench, Dutch, Spanish, and
Armenian nationality. On a day-to-day basis, shaversed with students of varying
cultures and backgrounds. During downtime, shé& the opportunity to travel and/or
experience surrounding cultural events and venues.

Though initially she had very little grasp of thmlian language, by the end of the 3-
month residence in Pisa, Italy, she was able to/@me at a basic dialogue level with
local residents and near fluently listen and reBg.reading the local and national papers
in order to improve lItalian fluency and talking itolleagues on various topics ranging
from music to the judicial system, Ko gained expestp several new perspectives
pertaining to politics and social values placedinithe context of a very different Italian

culture.

Further collaboration between Princeton Universityd the SNS NEST laboratory is
encouraged through the additional relationshipatede Ko's visit spread the word of
MIRTHE’s purpose and goals to those who were unfamwith the organization and
informed those who were unaware of the opportuoityfuture academic exchange.
Every individual with whom Ko interacted learnedoab her research work and
background. In such a way, she increased botinteenational awareness of MIRTHE
and the potential for future international colladozn.

DISCUSSION AND SUMMARY

For early career researchers, an internationatrigkeép abroad is an opportunity of a
lifetime. For Ko, who had never travelled to angberienced the culture of Europe, a
three month research internship at the Scuola Ner®aperiore in Pisa, Italy was truly
educational in many different aspects. She was tabtonnect with a diverse population
of exceptional students and researchers in a yasfadisciplines from all over the world.
Academically, the research experience deepenecutderstanding and increased her
technical knowledge. It was stimulating to have ¢ipportunity to work and collaborate
on many different topics. Her stay contributedesgsh, knowledge, and international
perspective back to the host laboratory, and byisfpdoer research background, Ko also
helped to spread MIRTHE’s message and purpose.

A recommendation for future programs would be tocoemage greater prior
correspondence with the host institution to cleatéfine the role of the international
visitor. In such a way, the initial acclimatiormg may decrease and a productive
collaboration may begin sooner after arrival. @espondence with future colleagues
would also increase initial familiarity and betfacilitate the transition of the visitors into
a new environment.



Through the funded collaboration, Ko gained anrimational conscience key to a modern
successful career in science. The relationshipadd will continue on for years to come
and facilitate international camaraderie. Onceegthathis international perspective not
only benefits those of the scientific community,t hhose of the general public by
spreading international tolerance and respect.
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APPENDI X

Figure 1: LabVIEW program for autonomous LIV chdeaization.
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Figure 2: THz QC laser structure and non-linearegation method [1].
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Figure 3: Ultrafast NIR laser setup.
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Figure 4. SEM image of dried droplet surface ofeved nanorods.
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